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I n  a t t empt s  t o  copolymerize t r i f l u o r o a c e t a l d e h y d e  wi th  pe r f luo ro -  
propylene epoxide,  a new r e a c t i o n  was found which y i e l d s  p rev ious ly  unknown 
esters  having t h e  s t r u c t u r e  R COOCHFCF Polymer composi t ion curves  for 
t h e  f luorocarbon v i n y l  e t h e r s  with v iny l idene  f l u o r i d e  have been prepared.  
A C F OCF=CF2/CF3N0 "n i t roso"  polymer h a s  a T 
t o  prepare  a p o l y e s t e r  u s ing  t r i f l uo roace ta ldghyde  hydra t e  as t h e  d i o l  have 
no t  been s u c c e s s f u l .  
t h e  f e a s i b i l i t y  of p repa r ing  a po ly ( th iope r0x ide ) .  Attempts t o  exhaus t ive ly  
d e c h l o r i n a t e  CF O C C l  CFCl d i d  not  y i e l d  CF OC-CF. React ion of 
CF30CFC1CFC10CF3 w i t 6  z i n c  resu l t s  i n  decomposition. T of a (CF 0) C=CF2(PVM/ 
CF2=CH copolymer con ta in ing  14.6 w t .  % PVM w a s  found t& be -55 t d  -37' .  
pre l imina ry  experiments  have been run t o  de te rmine  t h e  f e a s i b i l i t y  of 
p repa r ing  a f luorocarbon polyperoxide.  An e l a s tomer i c  copolymer of 
C3F70[CF(CF3)CF 0I2CF=CF /CF =CH2 has  been prepared.  A CF30CF=CF /CF2=CH 
copolymer contazning  83.8 mole percent  CF =CH was found t o  be LO$ compatgble. 
T e n s i l e  s t r e n g t h  and e longat ion  of R OCF=$F /6F =CH f sugges t  u sab le  mechanical p r o p e r t i e s  below '$ . 'Prel iminary a t t empt s  h&e 
been made t o  p l a s t i c i z e  and determine t h e  ef!!ect of p l a s t i c i z a t i o n  on 
p h y s i c a l  p r o p e r t i e s  of a CF OCF=CF / C  F The f luorocarbon 
d ike tone ,  (CF3) 2CFC0 (CF2) ,C&F (CF3j2, 2h$s been prepared .  
f 3' 
of -1 t o  - 5 " .  Attempts 4 9  
Some pre l iminary  experiments  have been run t o  de te rmine  
3 2 3 
Some 2 
above and below T 
copolymer. 
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Th i s  r e p o r t  desc r ibes  work c a r r i e d  ou t  du r ing  the f o u r t h  year  
of Cont rac t  NAS8-5352. 
e leven  q u a r t e r l y  r e p o r t s ,  and t h r e e  annual  summary r e p o r t s .  
I t  i s  preceeded by t h i r t y  monthly reports,  
Past  e f f o r t s  and t h e  u l t i m a t e  goa l  of t h i s  p r o j e c t ,  t o  
develop e l a s tomer i c  polymer systems which are  vu lcan izab le  and s u i t a b l e  
for use i n  con tac t  w i t h  l i q u i d  oxygen, make i t  q u i t e  ev iden t  t h a t  t h e  
r equ i r ed  systems w i l l  be polymeric systems con ta in ing  large p r o p o r t i o n s  
of f l u o r i n e  and/or  c h l o r i n e .  
Due t o  the  l a c k  of da ta  concerning low temperature  p r o p e r t i e s  
of halocarbon polymers,  i n  p a r t i c u l a r  those  of t h e  f luorocarbons ,  i t  has  
been necessary ,  a t  l eas t  i n i t i a l l y ,  to  at tempt  t o  relate s t r u c t u r a l  
f e a t u r e s  of t h e  hydrocarbon and a v a i l a b l e  halocarbon polymer systems 
which enhance low temperature  p r o p e r t i e s .  Obviously,  t he  d e s i r e d  low 
tempera ture  p r o p e r t i e s  which may be d i r e c t l y  r e l a t e d  t o  a polymer's  
u s e f u l n e s s  a t  cryogenic  temperature  are  mechanical p r o p e r t i e s .  
Unfor tuna te ly ,  a thorough search  of the  l i t e r a t u r e  reveals l i t t l e  i n f o r -  
mat ion i n  t h i s  area. I n  l i e u  of t h i s  in format ion ,  o t h e r  thermal  
p r o p e r t i e s  which are more r e a d i l y  a v a i l a b l e  i n  t h e  l i t e r a t u r e  have been 
chosen f o r  comparison. These p r o p e r t i e s  are the  c r y s t a l l i n e  me l t ing  
p o i n t  (T ) and the  g l a s s  t r a n s i t i o n  t e m  e r a t u r e  (T 1. A c o r r e l a t i o n  
between T and T has  been recognized'-' which p e r h i t s  an  approximation 
of T 
symmgtrical  c r y s t a l l i n e  polymers a s  poly(e thylene1 ,  Tm = T , and f o r  
unsymmetrical c r y s t a l l i n e  polymers as poly(propylene) ,  T t'1.4 T 
fro! a kno6ledge of t h e  more r e a d i l y  a v a i l a b l e  T . Thus, f o r  m 
i n  O K .  
m g 
Unfor tuna te ly ,  t he  use fu lness  of t h i s  r e l a t i o n s h i p  is  l i m i t e d  
for t h e  p re sen t  i n v e s t i g a t i o n  s i n c e  non-c rys t a l l i ne  polymers,  such as 
t h e  e l a s tomers  d e s i r e d  i n  t h i s  work, m e l t  over  a cons ide rab le  range 
a l lowing  t h e  p o s s i b i l i t y  of only an  extremely crude,  i f  any,  approxi-  
mat ion of T from t h e  me l t ing  range. I t  would t h u s  appear  t h a t  any 
e x t e n s i v e  c g r r e l a t i o n  of polymer p r o p e r t i e s  wi th  s t r u c t u r e  wi thout  
r e s o r t i n g  t o  a c t u a l  tempera ture-proper ty-s t ruc ture  de t e rmina t ion  must 
n e c e s s a r i l y  r e l y  on l i t e r a t u r e  r e f e r e n c e s  t o  T d a t a .  The r e l a t i o n s h i p  
g 
(1)  R.  R .  Ebyer, "Changements de Phases ,"  p.  383, pub. by SOC. 
( 2 )  R. G .  Beaman, J .  Polymer S c i . ,  2, 472 (1953). 
(3) Jenkel ,  Kolloid-Z.,  130, 64 (1953). 






















of g l a s s  t r a n s i t i o n  temperatures  t o  mechanical p r o p e r t i e s  of a polymer 
i s  no t  known a t  t h i s  p o i n t ,  but i n  t h e  p r e s e n t  i n v e s t i g a t i o n  a good 
c o r r e l a t i o n  between T and modulus of r i g i d i t y  and a l s o  t h e  Clash-Berg 
s t i f f n e s s  t e s t  has b e h  obtained f o r  t h e  copolymer system, CH2=CF / 
CF OCF=CF . 
bezween t6e a r e a  under t h e  curve of t r a n s i t i o n s  o c c u r r i n g  below T 
room temperature  i m p a c t  s t r e n g t h .  
Boyer4 has ,  i n  a d d i t i o n ,  proposed a p o s s i b l e  c o r r e l a z i o n  
and 
g 
Rogers and Mandelkern5 have found t h a t  by i n c r e a s i n g  t h e  
cha in  l e n g t h  of t h e  a l k y l  group i n  poly(a lky1  methacry la tes  from CH 
t o  C H19, T i s  reduced about 170". On f u r t h e r  i n c r e a s i n g  t h e  leng?h 
of t 4 e s i d e  g group t o  C 18H37, no T was d e t e c t e d  ( a n a l y s i s  by l i n e a r  
expansion) .  However, e x t r a p o l a t i g n  of t he  d a t a  as done by Shen and 
Eisenberg, '  sugges ts  a T o f  -100" f o r  poly(octadecylmethacry1ate). 
105" t o  -65" by i n c r e a s i n g  t h e  cha in  l e n g t h  OB a p-alkyl group t o  Cl0. 
T h i s  i s  a decrease  of 170". These low v a l u e s  were te rmina l  v a l u e s  on 
a p l o t  of a homologous series and d i d  n o t  r e p r e s e n t  minima. T h i s  
would i n d i c a t e  t h a t  no s i d e  chain c r y s t a l l i z a t i o n  i s  o c c u r r i n g  as 
observed by La1 and T r i c k 7  f o r  a series of v i n y l  e t h e r s  which e x h i b i t e d  
a minimum T a t  R=C8. 
Somewhat s u r p r i s i n g  a l s o  g i s  the lowering of T of p o l y ( s t y r e n e )  from 
g 
These d a t a  tend t o  support  our p r e s e n t  vfew concerning t h e  
d e s i r a b i l i t y  of prepar ing  f luorocarbon polymers having long pendent 
per f luoroa lkoxy groups.  I n  e f f e c t ,  t h e  s i d e  chain is a c t i n g  as a 
chemical ly  bonded p l a s t i c i z e r .  The e f f e c t  t h i s  type of p l a s t i c i z a t i o n  
and a l s o  e x t e r n a l  p l a s t i c i z a t i o n  h a s  on p h y s i c a l  p r o p e r t i e s  of polymers 
below T is of p a r t i c u l a r  i n t e r e s t  i n  t h e  p r e s e n t  s t u d y ,  
g 
Addi t iona l  d i s c u s s i o n  concerning t h e  e f f e c t  of s t r u c t u r e  on 
polymer g l a s s  temperature  is included i n  t h e  F i r s t  and Second Annual 
Reports  on t h i s  c o n t r a c t .  
(4) R .  F. Boyer ,  Rubber Chem. and Tech., 36 (51, 1303-1421 
(1963). 
(5)  S .  S. Rogers and L .  Mandelkern, J .  Phvs. Chem., 6 l ,  985 
(6)  ?i. C . Shen and Adi Eisenberg,  NONR 233 (87) Tech. Rpt. No. 9,  
(1957). 
August 1, 1965. 






















A. Polymers, Syn thes i s  and P r o p e r t i e s  
Although our  i n v e s t i g a t i o n  thus  f a r  h a s ,  i n  g e n e r a l ,  been 
d i r e c t e d  toward i l l u c i d a t i o n  of t h e  e f f e c t  of s t r u c t u r e  on T , w e  r e a l i z e  
t h a t  polymer g l a s s  tempera tures  were used as a matter of con6enience and 
d i d  not n e c e s s a r i l y  r e f l e c t  poss ib l e  u s e f u l  mechanical p r o p e r t i e s  below 
T .  
g 
A number of commercially a v a i l a b l e  polymers have g l a s s  tempera- 
t u r e s  above t h e i r  normal use temperature.  Room tempera ture  p h y s i c a l  
p r o p e r t i e s  of polymers, such as poly (v iny l  c h l o r i d e ) ,  po ly  (methylmethacrylate),  
and poly(ethy1ene t e r e p h t h a l a t e ) ,  sugges t  degrees  of g l a s s i n e s s  below T . 
g 
I n  o r d e r  t o  determine what e f f e c t  pendent alkoxy cha in  l e n g t h  
has on T , as w e l l  as p h y s i c a l  p r o p e r t i e s  below T , a number of f luorocarbon 
v i n y l  etfiers were prepared .  
a number of v i n y l  e t h e r  copolymers (R OCF=CF2) were prepared (Tables I1 
and 111) where R was CF (WE) ,  C F 5 ( h E ) ,  C3F7(PVE), C4F9(BVE, and 
C F OCF(CF3)CF206F(CF3)C$ (TO). $n a d d i t i o n ,  a small amount of (CF30)2CF=CF2 (%d) was prepared  ( see  T i i r d  Annual Repor t ) .  The r e a c t i v i t y  of t h e  lower 
member v i n y l  e t h e r s  w i th  v inyl idene  f l u o r i d e  (VF2) appear t o  be similar as 
i n d i c a t e d  i n  F igu re  1. Bulk polymerization of a monomer charge  of 20 mole 
pe rcen t  v i n y l  e t h e r ,  a t  800 atmospheres p r e s s u r e ,  y i e l d s  a copolymer 
c o n t a i n i n g  between 1 0  and 17 mole  pe rcen t  v i n y l  e t h e r .  
(CF 0) C=CF2(PVM) wi th  VF2, a s  expec ted ,  i s  less than  t h a t  of t h e  v i n y l  
e t h z r s ?  
2 t o  3 mole pe rcen t  PVM. 
Using the  method of F r i t z ,  Moore, and Selman' 
The r e a c t i v i t y  of 
A similar  monomer charge (20%) y i e l d s  a copolymer c o n t a i n i n g  about 
A copolymer of C3F70[CF(CF3)CF 0I2CF=CF2(TO) wi th  VF2 was 
prepared by r e a c t i n g  a 2 . 2  t o  1 molar r a z i o  of VF /TO a t  1000 atm, u s i n g  
a f r e e  r a d i c a l  i n i t i a t o r .  The r e s u l t a n t  e l a s t o m e r i c  polymer, 92P, Table  11, 
conta ined  12.4 mole percent  (56.9 w t .  %) v i n y l  e t h e r .  The polymer was molded 
a t  100' i n t o  a weak e l a s tomer i c  f i lm .  
2 
It  w i l l  be i n t e r e s t i n g  t o  compare t h e  T and phys ica l  p r o p e r t i e s  
of t h i s  copolymer, which has a branched bu t  f l e x i h e  s i d e  cha in  w i t h  
copolymers having a more r i g i d  s i d e  cha in  l i k e  t h a t  o f  C F OCFoCF . This  
comparison w i l l  be of p a r t i c u l a r  i n t e r e s t  i n  view of the8T17data o z t a i n e d  
8 
(8) C. G .  F r i t z ,  E .  P .  Moore, J r . ,  and S .  Selman, U. S. P a t e n t  
3,114,778, December 1 7 ,  1966. 
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FIGURE 1 
Copolymerization of Fluorocarbon Vinyl Ethers  
with Vinylidene Fluoride 
(Bulk polymerization a t  av. p of 800 atm. ) 
0 MVE/VF2 
0 EVE/VF2 
P V E / V F Z  
0 . 1  0 . 2  0 . 3  
Mole Fraction,Vinyl Ether Charged 
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thus far on the fluorocarbon vinyl ethers (Table IV) which indicate little, 
if any, change in T 
OC F pendent groupi. vs wt . % VF , from ?he data given in 
Takle IV, shows considerable scattgr but a strazght line extrapolation 
indicates that the glass transition temperatures of poly(MVE), EVE, PVE, 
or BVE all lie between 0" and -16". 
f o r  vinyl ethers having OCF3, OC2F , OC3F7, and 
A plot of T 9 
Copolymerization of C F OCF=CF2 with CF NO at high pressure, as 
described in our Third Annual Report, yielded a copolymer which has a T 
of -1 to -5". 
all fluorocarbon vinyl ether %itroso" copolymers (RfOCF=CF2/CF3NO) range 
between -7  and 1". 
Rf=C4Fg, has some resiliance, but is a weak gum at room temperature. 
4 9  3 
Thus far it has been found that the glass temperature ofg 
The last member prepared in this series, where 
Preliminary thermal analysis of the PVM/VF2, (CF30)2CF=CF / 
CF =CH3, copolymer (69), containing 14.4 wt. % PVM indicates a T o$ -55 
to2-57 . 8 
Attempts to exhaustively dechlorinate CF30CC12CFC12 to obtain 
the new monomer CF OC-CF were not successful. 
1. LOX Compatibility of Vinylidene 
Fluoride-Trifluoromethyl Trifluorovinyl 
Ether Copolymers 
Two copolymer samples were submitted to the Materials Division for 
LOX compatibility tests. The results of these tests are summarized below. 
Sample Monomers (mole %) 
Test Resul t B 
Detonations/No. of Tests 
7 5P CF30CF=CF2 (12. 5)/CF2=CH2 (87.5) 5/ 17 
90P CF30CF=CF2(16.7)/CF21CH2(83.3) o/ 20 
242-47 CF30CF=CF2 (30)/C2F4 (70) O/ 16 
It is surprising to find that copolymer 9OP, containing a 
relatively large amount of vinylidene fluoride, is LOX compatible. The 
results of this test suggest a LOX compatibility limit of vinylidene fluoride 
in these copolymers to lie between 83.3 and 87.5 mole percent and further 
indicate the possible use of these elastomers in LOX systems, 
The totally fluorinated plastic copolymer 242-47 was, as expected, 
also LOX compatible. 
(9) Compatibility determined by a standard test method (MSFC 106B, 
"Testing Compatibility of Materials for Liquid Oxygen Systems," September 16, 
1966) where a sample of film is immersed in liquid oxygen and struck with a 





















2. P h y s i c a l  P r o p e r t i e s  of Some Fluorocarbon 
Vinvl E the r  Copolymers 
The t e n s i l e  s t r e n g t h  and e l o n g a t i o n  of s e v e r a l  f luorocarbon v i n y l  
e the r -v iny l idene  f l u o r i d e  copolymers w a s  determined above and below t h e i r  
g l a s s  temperature (Table V). 
curves were obta ined  by determining hoop s t r e n g t h s  between about -70" and 
room temperature.  Unlike usua l  t e n s i l e  tests,  where t h e  cross-head speed 
i s  c o n s t a n t  (AL/AT=C), t h e  d a t a  from which t h e s e  f i g u r e s  were de r ived  was 
ob ta ined  a$ cons t an t  r a t e  of stress (AS/AT=C). 
8-10 Kg/cm /min. 
The d a t a  used i n  t h e  p r e p a r a t i o n  of t h e s e  
Load ra tes  were about 
I n  F igure  2 a r e  shown some t y p i c a l  s t r e s s - s t r a i n  cu rves  of a 
BVE/VF (98P, 59.6 w t .  4 v i n y l  e t h e r )  copolymer as determined above and 
below 4 . 
were ruR a t  tempera tures  above T . 
materials. 
shown f o r  t h e  s t r e s s - s t r a i n  curve run a t  -50'. 
i n d i c a t e s  T t o  l i e  between -50 and -20". 
samples of g i m i l a r  composition i n d i c a t e  T 
s t r a i n  curves  are s i m i l a r  t o  those found !or MVE/VF2 copolymers. 
The lower t h r e e  cu rves ,  which show e s s e n t i a l l y  no y i e l d  p o i n t ,  
These cu rves  are t y p i c a l  of rubbe r - l i ke  
The t r a n s i t i o n  from 8 rubber - l ike  material t o  a p l a s t i c  is  
Th i s  change i n  p r o p e r t i e s  
Ca lo r ime t r i c  a n a l y s i s  of  polymer 
t o  be about -25". These s t r e s s -  
Although only  a l imi t ed  amount of p h y s i c a l  t es t  d a t a  has  been 
ob ta ined  thus  far ,  i t  would appear t h a t  f luorocarbon v i n y l  e the r -v iny l idene  
f l u o r i d e  copolymers have usable  mechanical p r o p e r t i e s  below t h e i r  g l a s s  
tempera ture .  The change i n  p r o p e r t i e s  noted i n  t h e  s t r e s s - s t r a i n  curves  
i s  no t  r e f l e c t e d  i n  t h e  elongation-temperature curve  (F igure  3 ) .  No 
p r e c i p i t o u s  drop i n  e longa t ion  occur s  a t  t h e  g l a s s  temperature as might be 
expected f o r  a polymer which is g l a s s - l i k e  below T . 
g 
A s e r i e s  of a d d i t i o n a l  tests were i n i t i a t e d  i n  a n  a t tempt  t o  
de te rmine  t h e  e f f e c t  of polymer composition on t h e  low tempera ture  
p r o p e r t i e s  of MVE/VF copolymers. The d a t a  ob ta ined  t h u s  f a r  are shown i n  
Table V and a p l o t  oP t h i s  da t a  showing the  e f f e c t  of polymer composition 
on t e n s i l e  s t r e n g t h  and e longa t ion  is  shown i n  F igu re  4 .  
The t e n s i l e  s t r e n g t h  and e longa t ion  of a MVE/C F copolymer 
(220 mole percent  e t h e r )  was de tem3ned a t  25" and -75°.2 t h i s  copolymer 
has  a t e n s i l e  s t r e n g t h  of 462 Kg/cm 
a t  -72" (Table V). 
and an u l t i m a t e  e l o n g a t i o n  of 13% 
3. E f f e c t  of P l a s t i c i z a t i o n  on Low Temperature 
P r o p e r t i e s  of a Tetrafluoroethylene-Trifluoromethvl 
Tri f luorovinyl -Ether  Copolymer 
Some p re l imina ry  a t t empt s  have been made t o  p l a s t i c i z e  and 
de termine  t h e  e f f e c t  of p l a s t i c i z a t i o n  on p h y s i c a l  p r o p e r t i e s  of a 
CF30CF=CF (MVE)/C F4(TFE) copolymer. The d a t a  ob ta ined  t h u s  f a r  are 


































Stress -S tra in  Curves f o r  C,F90CP-CF2/CF2-k,  













































E longat ion  -Temperature Cu me For 
C4FgOCF-CF2/CF2-(2i Copolymer 98P 



























Effect of Compoeltlon on Copolymer P h y o l c d  Proportiu 
(Copolymer CF,0CF-CP2/CF24i2)  
SO0 
400 - -  
300 -- 













































Stresu-Strain Curves for 
P las t i c i zed  and Uaplast ic i ted HVE/TFE Copolymer 
I 
' 1 0 Not p l a s t i c i z e d ,  -75' 
I 0 Not p l a s t i c i z e d ,  23" 
I Contg. 18% Freon E-S, 26" 
I 










































2 251 Kg/cm 
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As r epor t ed  i n  t h e  Third .Annual Report of t h i s  c o n t r a c t ,  
copolymers of MVE/TFE a r e  p l a s t i c i z e d  by Freon E-5." 
were c u t ,  measured, then  immersed i n  b o i l i n g  Freon E-5 f o r  f i v e  minutes.  
A f t e r  immersion t h e  i n i t i a l l y  p l a s t i c  f i l m  changed t o  a tough e l a s t o m e r i c  
f i l m  con ta in ing  about 20% p l a s t i c i z e r ,  
p l a s t i c i z e r  absorbed o r  d i s so lved  i n  t h e  copolymer is  cons ide rab ly  below 
t h a t  p rev ious ly  r epor t ed  (67%, Thi rd  Annual Repor t ) .  Th i s  d i f f e r e n c e  i s  
presumably due t o  copolymer composition. (An a c c u r a t e  a n a l y s i s  of t h e s e  
copolymers is  d i f f i c u l t  due t o  t h e  s i m i l a r i t y  i n  carbon con ten t  of t h e  
two monomers and t h e  d i f f i c u l t y  i n  o b t a i n i n g  an  a c c u r a t e  f l u o r i n e  a n a l y s i s . )  
The copolymer composition of 20% MVE i n  315-18 is only  a rough approximation 
based on t h e  monomer charge and polymer y i e l d .  
The t e n s i l e  samples 
I n  t h e s e  tests t h e  amount of 
Typica l  s t r e s s - s t r a i n  curves  f o r  p l a s t i c i z e d  and u n p l a s t i c i z e d  
MVE/TFE copolymer 315-18 a t  room t e m p e r a t u r e  and a t  -73 and -75' are 
shown i n  F igure  5. I t  is  i n t e r e s t i n g  and encouraging t o  n o t e  t h a t  
p l a s t i c i z a t i o n  is e f f e c t i v e  a t  -73'. 
t h e r e  is a l s o  a small i n c r e a s e  i n  t e n s i l e  s t r e n g t h .  A comparison of t h e  
p l a s t i c i z e d  and u n p l a s t i c i z e d  copolymer t e s t e d  a t  room tempera ture  shows 
t h e  e f f e c t  of p l a s t i c i z a t i o n  by t h e  inc reased  ex tens ion  f o r  a given stress 
b u t ,  i n  c o n t r a s t  t o  t h e  low temperature tests, p l a s t i c i z a t i o n  appea r s  t o  
d r a s t i c a l l y  reduce t h e  u l t ima te  e longa t ion .  
Elongation is  doubled and s u p r i s i n g l y  
TABLE I 
P h y s i c a l  P r o p e r t i e s  of a P l a s t i c i z e d a  MVE/TFE Copolymer 
b T e n s i l e  
S t r eng $h X P l a s t i c i z e r  
Sample (Freon E-5) Test Temp. Kg/cm Elongat ion  X 
1 1 7 . 7  25' 1 3 1  82 
2 21.0 25 O 122 84 
5 18.3 26" 86 
3 19 .8  -73" 52 2 43 
4 19 .1  - 7 3 O  52 7 4 1  
6 0 -75O 4 7 5  19  
7 0 25' 251 2 38 
( a )  Polymer sample 315-18 y-ray i n i t i a t e d  copolymer iza t ion  of a 
4 : l  molar r a t i o  of C2F4(TFE)/CF OCF=CF2(MVE) a t  -780. 
Copolymer conta ined  about 20 mo?e percent  MVE. 
Load rates were about 7 Kg/cm /min. 
p l a s t i c i z e d  by immersion of t h e  p recu t  sample i n  b o i l i n g  
Freon E-5 f o r  f i v e  minutes. P l a s t i c i z e r  con ten t  w a s  determined 
and t e n s i l e  tests run  immediately a f t e rward .  
2 
(b) T e n s i l e  specimen w a s  






















S ince  a r a t h e r  c rude  means of a d d i t i o n  of p l a s t i c i z e r  w a s  
used, t h i s  l o s s  i n  room temperature p r o p e r t i e s  I s  more l i k e l y  due t o  
c r a z i n g  o r  poor p l a s t i c i z e r  d i s t r i b u t i o n  than  t o  t h e  presence  of 
p l a s t i c i z e r  i n  the  copolymer. Proper p l a s t i c i z a t i o n  should n o t  o n l y  
improve t h e  room tempera ture  p r o p e r t i e s ,  bu t  should a l s o  improve upon 
t h e  a l r e a d y  improved low temperature p r o p e r t i e s .  
4. Attempted P repa ra t ion  of a P o l y e s t e r  
ContaininR CF3CH(OHl2 a s  t h e  Dio l  
I n  o r d e r  t o  determine t h e  f e a s i b i l i t y  of p repa r ing  a p o l y e s t e r  
from t h e  hydra t e  of t r i f l u o r o a c e t a l d e h y d e ,  a n  i n i t i a l  a c y l a t i o n  was c a r r i e d  
ou t  i n  an  a t tempt  t o  confirm the f i n d i n g s  of  Husted, e t  al." t h a t  t h e  
hydra te  does r e a c t  as a d i o l .  S ince  t h e  hydra t e ,  as purchased, c o n t a i n s  a 
cons ide rab le  amount of water, e thano l  and e t h y l  hemiace ta l ,  a secondary 
o b j e c t i v e  of t h i s  a c y l a t i o n  was t o  o b t a i n  t h e  pure d i o l .  
Ref luxing  t h e  hydra te  wi th  acet ic  anhydride over  a 30-hour per iod  
gave a low y i e l d ,  about 20%, of t h e  d i a c e t a t e .  An i n f r a r e d  spectrum of 
t h i s  compound i s  shown i n  Figure 6. 
An i n i t i a l  a t t e m p t  to  p repa re  a p o l y e s t e r  by r e a c t i n g  t h e  d i a c e t a t e  
w i th  a d i p i c  a c i d  and removing a c e t i c  a c i d  as formed r e s u l t e d  i n  c o n s i d e r a b l e  
c a r b o n i z a t i o n  and on ly  a t r a c e  amount of tar. The r e a c t i o n  was c a r r i e d  o u t  
by h e a t i n g  t h e  r e a c t a n t s  t o  the r e f l u x  tempera ture  of t h e  d i a c e t a t e  
(151-152') under a packed d i s t i l l a t i o n  column. 
t h e  r e f l u x  tempera ture  dropped t o  118' and acetic a c i d  was removed u n t i l  
t h e  tempera ture  s t a r t e d  t o  r i s e .  
on ly  a small amount of  a c e t i c  ac id  removed i n  several hours ,  On r e f l u x i n g  
o v e r n i g h t ,  c a r b o n i z a t i o n  occurred. An i n f r a r e d  spectrum of t h e  trace amount 
of  tar ob ta ined  showed a C-H s t r e t c h i n g  maximum a t  3.4 microns,  a carbonyl  
maximum a t  5.85 microns,  and maxima between 7 and 9 microns which do n o t  
correspond wi th  those  of a d i p i c  a c i d .  
A s  t h e  r e a c t i o n  proceeded 
The r e a c t i o n  proceeded very  s lowly  wi th  
It would appear t h a t  some p o l y e s t e r  was formed and t h a t  h igh  
molecular weight p o l y e s t e r s  having t h e  fo l lowing  s t r u c t u r e  might be ob ta ined  
under mi lde r  c o n d i t i o n s  through u s e  of a catalyst .  
H O O  
I II II vX 
CF3 
(11) D.  R. Husted, A. H. Ahlbrecht,  U. S. P a t e n t  2,568,501, 





















I n  a n  a t tempted  modi f ica t ion  of t h i s  p o l y e s t e r i f i c a t i o n  r e a c t i o n  
t h e  t r i f l u o r o a c e t a l d e h y d e  hydrate and d i e t h y l  malonate were hea ted  t o  
r e f l u x  under a packed f r a c t i o n a t i n g  column. I n i t i a l l y ,  condensa t ion  
appeared t o  be occur r ing .  This  was i n d i c a t e d  by t h e  presence  of e thano l  
i n  t h e  d i s t i l l a t e ,  
amount of e thano l  was removed and l i t t l e ,  i f  any, v i s c o s i t y  build-up was 
noted .  
However, after an extended t i m e  a t  r e f l u x  on ly  a small 
B. Attempted Dech lo r ina t ion  of CF30CFC1CFC10CF3 
I n  our f i n a l  a t tempt  t o  prepare t h e  e l u s i v e  1 , 2 - b i s ( t r i f l u o r o -  
methoxyl-difluoroethylene (DME) by r e a c t i o n  of t h e  t i t l e d  compound wi th  
z i n c ,  t h e  only  i d e n t i f i e d  o l e f i n i c  product was PVM. A second major peak 
(11% of t h e  GLC peak areas) which appeared most l i k e l y  t o  be t h e  expected 
DME has  been found, by NMR a n a l y s i s ,  t o  be composed of t h r e e  i somer ic  
compounds p l u s  an unknown compound con ta in ing  an OCF 
d a t a  i s  given below wi th  the  chemical s h i f t s  for f l u o r i n e  given wi th  
r e s p e c t  t o  CF3COOH. 
group. This  NMR 3 
Chemical P a t t e r n  and 
Des igna t ion  S h i f t  ppm S p l i t t i n g  cps  Assignment 
CF30 F 'c-c / (I, 45%) 
F 
/ \  c1 
A-2 
E 
G 1  
-15.6 2' x 4.0 CF30 
+28.9  2O x 49, 4OX4.5 CF c i s  t o  CF30 
+45.3 2 O  x 49 CF t r a n s  t o  CF 0 3 
A-3 
FH 
J K  
-15.4 3" x 4.3 CF30 
+44.6 2' x 1 2 1 ,  4Ox4.5 CF gem t o  CF30 





















Desiunat ion Shift vpm 
-14- 
Pattern and 






-14.7 2 O  x 5.4 CF30 
+16.7 
+26.3 
4" x 5, 2 O X  4 3  CF gem to CF,O 
2 O  x 4 3  
3 





Mu1 t iple t 
-15.8 
+ 7.2 
It is interesting to note that the three isomeric compounds 
Thus a possible route to these products may be as 
I, 11, and I11 are the same decomposition products found in attempts 




CF30CFC1CFC10CF3 - c P  Zn J
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-1 5-  
Although t h e  major product i n  t h e  d e c h l o r i n a t i o n  r e a c t i o n ,  
where a mixture  of (CF 0) CC1CF2C1 and CF30CFClCFC10CF3 is r e a c t e d  w i t h  
z i n c ,  is (CF-0) ,C=CF, (hM?,  the presence  of compound I i n d i c a t e s  t h a t  t h e  
1,l adduct i$ af so 1 6 s i n g  a t r i f  iuoromethoxy 
C l - ' M .  -> CF30CC1=CF2 
CF3d) \ F 
group. 
S ince  PVM i s  t h e  m a j o r  product ob ta ined  i n  t h i s  mixed d e c h l o r i -  
n a t i o n ,  t h i s  l o s s  of methoxide'probably occur s  t o  on ly  a minor e x t e n t ,  
The q u a n t i t i e s  and r e l a t i v e  p ropor t ions  of t h e  decomposition p roduc t s  
recovered  would i n d i c a t e  t h a t  compounds I1 and I11 are decomposing f u r t h e r .  
T h i s  i s  s u b s t a n t i a t e d  t o  some e x t e n t ,  i n  t h a t  C02 is i n v a r i a b l y  p r e s e n t  
as a product of t h i s  r e a c t i o n .  
C.  Reac t ions  of C F 3 S X H S 3  
The ease wi th  which trifluoromethyanesulfenyl c h l o r i d e  reacts 
w i t h  an  a l c o h o l  t o  form a th iope rox ide  l inkage '  
of p repa r ing  a polymer having an unusual he te roa tomic  backbone. 
sugges ted  t h e  p o s s i b i l i t y  
For example, r e a c t i o n  of a d i s u l f e n y l  c h l o r i d e ' w i t h  a d i o l  would 
g i v e  a polymer having t h e  fo l lowing  s t r u c t u r e .  
4 OS (CF2InSOCH2 (CF2)mCH2)x 
Since  t h e  g l a s s  t r a n s i t i o n  tempera ture  of po ly- ( th iocarbonyl  
of t h i s  po ly- ( th ioperoxide)  f l u o r i d e )  is repor ted14 t o  be -118, t h e  T 
would probably a l s o  be  q u i t e  low. g 
I n  a n t i c i p a t i o n  of some of t h e  problems which might ar ise  i n  t h e  
p r e p a r a t i o n  of  t h i s  polymer, the h y d r o l y t i c  s t a b i l i t y  of  CF3SOCH2CF3 w a s  
determined q u a l i t a t i v e l y  by s e a l i n g  t h e  compound i n  a g l a s s  ampoule i n  
c o n t a c t  w i th  H20  and wi th  10% NaOH. 
h y d r o l y s i s  occurs  on con tac t  with water over  a per iod  of months, and 
l i t t l e  o r  no r e a c t i o n  occurs  on c o n t a c t  w i th  10% NaOH f o r  t h e  same per iod  
o f  t i m e .  
These experiments i n d i c a t e  t h a t  no 
(13) S. Andreades, U. S. Patent 3,081,350, March 12 ,  1963. 




















P a s t  expe r i ence  h a s  shown t h e  d i f f i c u l t y  i n  o b t a i n i n g  p u r e  
ClSCF2CF2SC1. I n  o rde r  t o  d e t e d i n e  whether an  exchange type of r e a c t i o n  
amy be used in t h e  polymer forming r e a c t i o n ,  CF3SOCH2CF3 w a s  r e a c t e d  with 
CH30H. 
On a d d i t i o n  of t h e  a lcohol  t o  t h e  th iope rox ide  a n  immediate 
exotherm was noted and a low b o i l i n g  product w a s  c o l l e c t e d .  GLC a n a l y s i s  
i n d i c a t e d  mainly one product ,  but NMR a n a l y s i s  shows a peak a t  -30.7 ppm 
(CF C1CFC12) which is a t t r i b u t a b l e  t o  CF 
of {ydrogen. 
on S ,  but  a l s o  shows o t h e r  t ypes  
Addi t iona l  work w i l l  be necessa ry  t o  c l a r i f y  t h i s  r e a c t i o n .  
D. React ion  of CF3CH0 wi th  C F 3 W 0  and w i t h  C2F5CE 
i n t r a c t a b l e  n a t u r e  of poly(trifluoroacetaldehyde), a n  a t t empt  was made . to  
copolymerize CF3CH0 wi th  CF3CFCF20. 
t h e  presence  of  an  a n i o n i c  c a t a l y s t ,  E t 3 N ,  by simply warming t h e  r e a c t a n t s  
t o  room temperature in a sealed tube ,  gave ve ry  l i t t l e  polymer, (Insuf- 
f i c i e n t  f o r  c h a r a c t e r i z a t i o n . )  On opening t h e  r e a c t i o n  ampoule t o  t h e  
vacuum system, t h e  vapor pressure of t h e  l i q u i d  p r e s e n t  was cons ide rab ly  
l e a s  than  t h a t  of e i t h e r  r e a c t a n t .  An i n f r a r e d  spectrum of  t h i s  product  
gave no evidence of e i t h e r  t h e  aldehyde or epoxide and showed an a b s o r p t i o n  
maximum a t  5 . 4 9  microns (Figure 7 ) .  
a n a l y s i s  as t h e  ester, C2F5COOCHFCF3. 
a p rev ious ly  unknown ester. 
i n  F igu res  8-11. 
i n  s e p a r a t e  ampoules con ta in ing  Et3N,  t i e  aldehyde polymerized immediately 
on warming t o  g i v e  what appears t o  be a mixture  of t h e  trimeric p roduc t ,  
(CF3CH0)3, and t h e  l i n e a r  polymer. 
trimer hydro lyses ,  on exposure t o  atmospheric moi s tu re ,  to  g i v e  t h e  hydra t e  
CF3CH(OH) . 
t h e  r eac t zon  product showed t h a t  t h e  epoxide was q u a n t i t a t i v e l y  r ea r r anged  
t o  t h e  i somer ic  a c i d  f l u o r i d e  C2F5COF. 
a ldehyde  and t h e  epoxide,  bu t  t h e  i n t e rmed ia t e  an ions  do n o t  co- reac t  t o  
y i e l d  polymeric products .  
I n  a n  a t tempt  t o  determine t h e  p o s s i b i l i t y  of modifying t h e  
Reaction of equimolar amounts of  t h e  aldehyde and epoxide i n  
Th i s  product was i d e n t i f i e d  by NMR 
T h i s  is a new r e a c t i o n  which y i e l d s  
I n f r a r e d  s p e c t r a  of a d d i t i o n a l  esters are shown 
I n  similar r e a c t i o n s  where CF CHO and C F 3 W  were s e a l e d  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
The epoxide d i d  not polymerize,  bu t  an i n f r a r e d  spectrum of 
It i s  apparent  t h a t  the amine a c t s  as an  i n i t i a t o r  w i th  bo th  t h e  
H 
I I 














The ease wi th  which the aldehyde polymerizes  and t h e  f a c t  t h a t  
t he  epoxide r ea r r anges  wi thout  po lymer iza t ion  would sugges t  an extremely 
u n s t a b l e  propoxide ion  which rear ranges  be fo re  d imer i za t ion  or copolymeri- 
z a t i o n  can occur .  
A p o s s i b l e  mechanism f o r  t h e  observed ester format ion  may be 
as fo l lows:  
f 
+ o  
It 
CF3CF2CF 
F ' C - C ~ F ~  
0 
l o  It 
CF3CHFOCC2F5 
This  sequence assumes an  i n i t i a l  rearrangement of t h e  epoxide 
t o  t h e  a c i d  f l u o r i d e .  
f l u o r i d e  w i l l  r e a c t  w i th  t h e  aldehyde. A mixture  of an  excess of  t h e  
C2F5COF gave the  i d e n t i c a l  product as t h a t  ob ta ined  wi th  t h e  epoxide.  
shown i n  Table  V I  t h a t  t hese  esters are h y d r o l y t i c a l l y  uns t a lbe .  Hydrolys is  
occur s  exothermica l ly  when they are contac ted  w i t h  water a t  room temperature .  
The a d d i t i o n  of t h e  a c i d  f l u o r i d e  t o  t h e  aldehyde w a s  found t o  be r e v e r s a b l e  
i n  t h e  presence of  t h e  base used t o  c a t a l y z e  t h e  a d d i t i o n .  
A s epa ra t e  r e a c t i o n  was run t o  show t h a t  t h e  a c i d  
It was found i n  t h e  p repa ra t ion  and p u r i f i c a t i o n  of t h e  esters 
Thus, 
L 
RfCOF + R:CHO - RfCOOCHFR; 
R3N 
A t  room temperature  t h i s  equi l ibr ium appa ren t ly  l i e s  f a r  t o  the  r i g h t  s i n c e  
good y i e l d s  of  ester are ob ta inab le ,  
A t t e m p t s  t o  d i s t i l l  C F COOCHFCF3 i n  t h e  presence of a c a t a l y t i c  
amount of E t  N r e s u l t e d  i n  comp?e$e decomposition t o  C F COP and CF3CH0. 
On recombinahon of t h e  r e a c t a n t s  i n  t h e  presence  of E2 H a t  room tempera ture ,  
t h e  ester aga in  formed. 
a f t e r  removal of t h e  Et3N through r e a c t i o n  w i t h  gaseous HC1. 





















E. Preparation of CF2C1CH0 and C F 3 C g  
Earlier attempts to prepare polyesters containing the hydrate of 
trifluoroacetaldehyde as the diol resulted in little, if any, high polymer 
formation, Since the hydrate, as purchased, contains a considerable amount 
of water, ethanol, and ethyl hemiacetal, it is believed that part of our 
difficulty may be attributed to the presence of small amounts of these 
impurities. As a means of avoiding this problem, it was considered 
advisable t o  prepare the aldehyde hydrates in our laboratory. 
A high yield of CF3CH(OH)2 and CF ClCH(0H) was obtained by 
reduction of  the corresponding methyl acetaze with L?A1H4. As found with 
the commercial products, separation of excess water from the hydrate by 
distillation is difficult since both hydrates boil at about 105'. The 
pure aldehyde hydrate is prepared by first dehydrating the crude hydrate, 
using either P20 
amount of water 20 the pure aldehydg. 4An infrared spectrum of CF2ClCH0 
is shown in Figure 12. 
o r  concentrated H SO , and then adding the stoichiometric 
Preparation of pure CF CH(0H) is necessary for our polyester 3 studies while the preparation of CF ClCA(0H) 
step in the attempted synthesis of &2-C(OSC63)2 and C2F5COOCF=CF2. 
was carried out as the first 
F. Attempted Synthesis of CF2=C(OSCF3)2 
The following reaction sequence is proposed for the synthesla 
of this new monomer. 
1. CF2C1CH(OH)2+ CF3SC1 -> CF2C1CH(OSCF3)2 
Et3N 
2. C F ~ C ~ C H ( O S C F ~ ) ~  or KOH > C F ~ = C  (OSCF~) 
By analogy to the reactions of CF SCl with ROH to form the 
thioperoxides and to the diacylation of the aldehyde hydrates, it would 
seem reasonable to expect the first step in this reaction to proceed 
without difficulty. When this reaction was run in an autoclave at 50 to 
100" in the presence of pyridine, as an acid acceptor, the pressure in the 
reactor increased with time. The room temperature pressure rose from zero 
to 100 pslg. Surprisingly, this pressure was found to be due to gaseous 
HC1 in spite of the presence of sufficient pyridine to react with the HC1 
evolved. 
3 
A low yield of an amber liquid was obtained which was ddfficult 
t o  separate on a spinning band distillation column. Infrared spectra of 





















a b s o r p t i o n  a t  about 3.38 microns. The lower b o i l i n g  mixture  showed a broad 
abso rp t ion  maximum a t  about 3 microns i n d i c a t i n g  t h e  presence  of  a hydroxyl 
group. 
p re sen t  i n  t h e  r e a c t i o n  mixture.  
This  would sugges t  t h a t  bo th  t h e  mono and d i t h i o  pe rox ides  are 
Addi t iona l  work w i l l  be necessary  t o  f u r t h e r  i l l u c i d a t e  t h i s  
r e a c t i o n .  
G .  Attempted Syn thes i s  of C2F5COOCF=CF2 
The g e n e r a l i t y  of the a c i d  f luoride-aldehyde r e a c t i o n  w a s  
extended t o  inc lude  t h e  add i t ion  of pe r f luo roprop iony l  f l u o r i d e  t o  
chlorodifluoroacetaldehyde. The p r e p a r a t i o n  of t h i s  new ester p r e s e n t s  
t h e  p o s s i b i l i t y  of p repa r ing  a series of new f luorocarbon v i n y l  esters. 
Thus, 
1. CF2C1COF + RfCHO -> NR3 RfCOOCHFCF2C1 
8 2. RfCOOCHFCF2C1 - RfCOOCF=CF2 
I n  t h e  f i r s t  s t e p  of t h i s  r e a c t i o n ,  u n l i k e  t h a t  of t h e  a d d i t i o n  
of C F COF t o  CF CHO, a f a i r  amount of polymer was a lso ob ta ined  a long  
wi th2t?e  ester, 'Polymers o f  these aldehydes are g e n e r a l l y  i n s o l u b l e ,  
i n f u s i b l e  s o l i d s ,  The polymer obta ined  i n  t h i s  r e a c t i o n  was f i r s t  
observed as a v iscous  s o l u t i o n ,  bu t  on subsequent exposure t o  t h e  
atmosphere t h e  polymer p r e c i p i t a t e d ,  P r e c i p i t a t i o n  is presumed t o  be 
due t o  hydro lys i s  of t he  es ter .  A f t e r  washing and d ry ing  t h e  polymer, 
i t  was found t o  be f u s i b l e .  The polymer s o l u b i l i t y  and f u s i b i l i t y  
i n d i c a t e  a lower molecular weight than normally obta ined  wi th  t h e s e  
polymers. S ince  polymerizat ion was c a r r i e d  o u t  i n  t h e  presence  of an  a c i d  
f l u o r i d e ,  i t  is p o s s i b l e  t h a t  t e rmina t ion  may be occur r ing  through an 
a c y l a t i o n  s t e p ,  S tep  2 .  
I- 1 
H H 
I I I 






















I- 1 r 1 
+ R,COF > R3N t! -? + C - O  
If termination is occurring in this manner, then subsequent 
hydrolysis should yield a diol which may be used in the preparation of 
some useful polyurethanes or polyesters. Thus, 
1x r H 1 H  0 
t 
r H  1 H  
Homopolymers and copolymers of these vinyl esters should exhibit 
good low temperature properties, but ease of hydrolysis n)ay limit their 
usefulness. 
interesting polyketone. Thus, 
However, hydrolysis of the polymer should in itself yield an 
Attempts to dehydrochlorinate C F  COOCHFCF 2 C 1 ,  using a variety 3 of reagents has generally resulted in decomposition of the ester. 
of the reactions attempted are shown as follows. 
A summary 
C 0 2 ,  CF2C1CH0,  
CF3H, C2F5H, ester 
C 0 2 ,  CF2C1CH0,  ester 
CF3COOCHFCF2C1 eNR r, CF3H, CF2C1CH0,  CF3COF ester 





















The products  are those i d e n t i f i e d  by i n f r a r e d  a n a l y s i s .  Other  
product  o r  products  were present  i n  some i n s t a n c e s  which sugges ted  some 
dehydroch lo r ina t ion  had occurred.  An i n f r a r e d  spectrum of t h e  r e a c t i o n  
products  from t h e  r e a c t i o n  of the  ester w i t h  KOH showed a b s o r p t i o n  maxima 
a t  5.48 and 5.61 microns.  These maxima would be c o n s i s t e n t  wi th  t h a t  of 
a perf luorovinyl  ester. 
The ea3e wi th  which the  base ca t a lyzed  a d d i t i o n  of t h e  aldehyde 
t o  an  a c i d  f l u o r i d e  occur s  suggested the  p o s s i b i l i t y  of i n i t i a t i n g  a 
r e a c t i o n  of an  a c i d  f l u o r i d e  with hexaf luoroace tone .  
0 
..-J YF3 Rf COF I II 
R3N C = 0 I > RfCOCF (CF3) 
I 
CF3 
No e s t e r  w a s  de t ec t ed .  
H. Attempted P repa ra t ion  of C F OOCF 4 9 - 3  
It is a w e l l  e s t ab l i shed  f a c t  t h a t  i n c l u s i o n  of heteroatoms i n  
a polymer backbone ~€11 lower the  g l a s s  t r a n s i t i o n  temperature .15 
is p a r t i c u l a r l y  t r u e  f o r  highly f l u o r i n a t e d  polymers in which no hydrogen 
bonding i s  p o s s i b l e .  
This 
With t h i s  i n  mind, t h e  f l u o r i n a t i o n  of SOF i n  t h e  presence  
suggested t h e  p o s s i b i l i t y  of p repa r ing  a poly ( f luorocarbon 
of CsF16 and the  ease wi th  which the  f luorocarbon a l & x i d e s  may be 
prepared’ 
pe rox ide ) .  
peroxide ,  (CF 0) and t h e  highly f l e x i b l e  pe rox id ic  l i n k a g e ,  a polymer of 
t h i s  n a t u r e  S&XA$; have good low t e m p e r a t u r e  p r o p e r t i e s .  
Based on the  good thermal s t a b i l i t y  of b i s ( t r i f l u o r o m e t h y 1 )  
Some pre l iminary  experiments have been i n i t i a t e d  i n  an at tempt  
t o  determine t h e  f e a s i b i l i t y  of these  r e a c t i o n s .  
CH3CN 
1. C3F7COF + CSF --> C4FgOCs 
2 .  C4FgOCs + CF30F > C4Fg00CF3 
(15) Thi rd  Annual Summary Report r e fe rences .  
(16) J .  K. Ruff and ??ax Lus t ig ,  J .  Inorg.  Chem., 2 (lo), 1422 (1964). 






















The preceeding  t w o  r e a c t i o n s  have been c a r r i e d  o u t  on a sma l l  
scale and a trace amount of m a t e r i a l  has  been i s o l a t e d  which e l u t e s  from 
a GLC column la ter  than the  two s t a r t i n g  materials. An i n f r a r e d  spectrum 
shows no maxima below 7.43 microns. Should t h i s  product  prove t o  be t h e  
d e s i r e d  peroxide ,  then  t h e  fol lowing r e a c t i o n  sequence 
p repa re  a polyperoxide.  
may be  used t o  
CsF 1. (CF2)x (COF) -> (CF2Ix (CF20Cs) 
2 .  (CF ) (CF20Csl2  -> L (CF2) (CF20Fl2 
2 Y  Y 
3. 
Where x and y are zero the  polymer would be equ iva len t  t o  t h a t  
ob ta ined  by C a g l i o t i ”  from the y - r a y  induced copolymer iza t ion  of O2 and 
C2F4‘ 
A s impler  one-step polymerizat ion may be c a r r i e d  o u t  by r e a c t i n g  
a s t o i c h i o m e t r i c  amount of F2 with t h e  d i a lkox ide ,  as shown. 
I .  Syn thes i s  of (CF3)2CFCO(CF,)3COCF(CF3)2 
Krespan’ and Engelhardt2’ have shown t h a t  f luorocarbon ke tones  
w i l l  copolymerize,  under f ree  r a d i c a l  cond i t ions ,  t o  g ive  polymers 
con ta in ing  oxygen in t h e  polymer cha in .  Th i s  unusual  r e a c t i v i t y  of 
f luorocarbon ketones and the  tendency f o r  1 , 6  d i e n e s  t o  undergo cyclo- 
pol l -merizat ion2’  9 2 2  suggested the p o s s i b i l i t y  of  p repa r ing  an  unusual  
f luorocarbon po lye the r .  
(18) V .  C a g l i o t i ,  A. Delle S i t e ,  M .  Lenzi ,  and A. Mele, 
(19) C .  Krespan, Seminar a t  t h e  Un ive r s i ty  of F l o r i d a ,  5 Feb. 1965. 
(20) V. A .  Engelhardt ,  3rd I n t e r n a t i o n a l  Symposium on F luor ine  
Chemistry,  Munich, Germany; a l s o  Chem. and Eng. N e w s ,  43, (41) ,  80 (1965). 
(21) G. Bu t l e r  and R.  Angelo, J .  Am. Chem. SOC., 79, 3128 (1957). 
(22) G .  Bu t l e r ,  A .  Cranshaw, and W. Miller, J .  Am. Chem. S O C . ,  80, 























> I I R *  
0 I 
A d ike tone  where Rf is a pe r f luo ro i sopropy l  grou was prepared 
i n  about 64% y i e l d  us ing  t h e  method of Fawcett and Smith. 29  An i n f r a r e d  
spectrum of t h i s  d ike tone  is shown i n  F igure  1 4 .  
No a t tempt  has  y e t  been made t o  homopolymerize t h i s  d ike tone .  
The bu lk iness  of t h e  i sopropyl  group would seem t o  p rec lude  t h e  p o s s i b i l i t y  
of forming a cyclo-polymer, but o t h e r  less h indered  1 , 5  d i k e t o n e s  o r  
unsa tu ra t ed  ke tones  may be prepared, t h e  s imples t  being p e r f l u o r o g l u t a r -  
aldehyde. 
H H 
o\ ’ o,c / 
.C 
I I 
CF2 \ /CFZ 
CF2 
o r  BF3 R3N > 
(23) F. S. Fawcett and R. D. Smith, U. S. P a t e n t  3,185,734, 





















Chromatographic ana lyses  were run a t  room tempera ture  on a 
non-commercial gas  chromatograph. The d e t e c t i o n  system w a s  a thermal 
conduc t iv i ty  c e l l  and helium was used as the  c a r r i e r  gas .  The columns 
were 3/8" I. D. Pyrex g l a s s ,  8' long ,  packed wi th  HMDS/Chromosorb wi th  
25% e t h y l  ester of Kel-F a c i d  8114 a s  t h e  s t a t i o n a r y  phase. 
are noted i n  t h e  t e x t .  
Exceptions 
I n f r a r e d  ana lyses  were obta ined  us ing  a Beckman IR-5. 
NMR s p e c t r a l  ana lyses  were c a r r i e d  o u t  a t  RT us ing  a Varian 
h igh - re so lu t ion  nuc lea r  magnetic resonance spec t rometer  Model V-4300-2, 
provided wi th  f i e l d  homogeneity c o n t r o l ,  magnetic i n s u l a t i o n  and super- 
s t a b i l i z e r .  Chemical s h i f t s  were determined by side-bands a p p l i e d  w i t h  
an audio  o s c i l l a t o r  f o r  which the  frequency is cont inuous ly  monitored by 
an  e l e c t r o n i c  coun te r .  Unless o therwise  noted ,  t h e  chemical s h i f t s  f o r  
f l u o r i n e  are given wi th  respec t  t o  e x t e r n a l  CF COOH, and t h e  chemical 
s h i f t s  f o r  hydrogen are given with respect t o  e x t e r n a l  TMS. 3 
A. Polymers 
1. Polymer iza t ion  
a )  High p r e s s u r e  polymerization.--In t h e  fo l lowing  system 
i t  w a s  p o s s i b l e  t o  p repa re  s e v e r a l  grams of polymer a t  p r e s s u r e s  up t o  
1300 a t m .  The p r e s s u r e  i s  generated by us ing  h y d r a u l i c  p r e s s u r e 2 4  t o  
c o l l a p s e  a th in-wal l  metal tube con ta in ing  t h e  monomers. I n i t i a t i o n  is  
e f f e c t e d  e i t h e r  by a f r e e  r a d i c a l  i n i t i a t o r  o r  by a r a d i a t i o n  source .  
Typ ica l ly ,  the monomer i s  added t o  an evacuated n i c k e l  
t ube  (99.5% N i ,  6" x 3/8", 0. D . ,  0.035'' w a l l )  con ta in ing  i n i t i a t o r ,  
which is s e a l e d  a t  one end by crimping and s e a l i n g  wi th  s o f t  s o l d e r .  
While main ta in ing  t h e  lower pa r t  of t h e  tube a t  -196' t he  tube is 
crimped ad jacen t  t o  t h e  vacuum tub ing  connection and wi th  t h e  crimping 
t o o l  i n  p l a c e ,  t o  hold a vacuum seal ,  t h e  tube i s  removed from t h e  vacuum 
sys t em and the  upper crimp sea led  wi th  s o f t  s o l d e r .  
The polymerization tube is p laced  i n  a water f i l l e d  
h igh  p res su re  r e a c t o r  (73 cc  c a p a c i t y ) ,  t h e  r e a c t o r  s e a l e d ,  and t h e  
syg6em p res su r i zed  wi th  a hand opera ted  hydrau l i c  pump. When us ing  
Co i n i t i a t i o n ,  t h e  appa ra tus  i s  d isconnec ted  from t h e  pump (a ba l l  check 
v a l v e  p reven t s  loss of ggessure) and placed i n  a v e r t i c a l  p o s i t i o n  cen te red  
about  5 cm. from t h e  Co source.  
( 2 4 )  Enerpac: Model 82-102, Enerpac Systems, B u t l e r ,  W i s .  





















At termination of polymerization, the polymerization tube 
is removed from the reactor, cooled with liquid N, and a saw cut made in 
the tubing to remove unpolymerized monomer. While still at -196", the 
polymerization tube is placed in a tube attached to the vacuum system, the 
system evacuated, and the amount of residual monomer determined by volume. 
Caution 'should be exercised in attempts to homopolymerize 
tetrafluoroethylene in the system described above. Polymerization of 
2.4 g. of tetrafluoroethylene, using azobisisobutyronitrile as the 
initiator, resulted in almost a quantitative conversion of the monomer 
to CF4. 
exotherm caused a pressure surge from 18,000 to an estimated 40,000 psi 
in the 73-cc water-filled reactor. 
During the warm-up period the violent reaction and accompanying 
Larger quantities of polymer, 10 to 20 g . ,  were prepared 
in the same reactor through bulk polymerization in a 3 phase system. 
Typically, the initiator is added to the 73-cc high pressure reactor, 
the reactor is sealed, evacuated and cooled to -196'. The monomers 
are condensed into the reactor, followed by the addition of deaired, 
distilled water containing a trace amount of ammonium perfluorocaprylate. 
When the water is completely frozen, the reactor is removed from the 
vacuum system and connected to the high pressure hydraulic system. The 
reactor is warmed to 60' while maintaining a pressure of 10,000 psi. 
Homogeneous copolymers were obtained in this way, The polymers prepared 
by these methods are summarized in Table 11. 
b) Co60 initiated polymerization.--Monomer proportions 
were measured volumetrically on a calibrated vacuum system, condensed 
into a 13-ml. capacity Pyrex Carius tube, and sealed under vacuum. The 
reaction tubes, while still frozen, were placed in a sample holder 
containing six copper tubes concentrically spaced 1.91 cm, from the 
center of a central 1.78-cm. tube, The samples and sample holder were 
warmed to room tempgbature or to -78O, then placed in the radiation 
chamber, and the Co capsule lowered i to the central tube, The 
radiation flux was approximately 7 x 10 r/hr, 
were 24 hours. Irradiation of these monomers was carried out at the 
University of Florida, Gainesville, Florida, through the assistance of 
Dr. R. J. Hanrahan of the Department of Chemistry. Polymers prepared 
in this manner are summarized in Table 111. 
3 Typical radiation periods 
2. Thermal Analyses 
In Table IV are shown the results of thermal analyses of W E ,  
PVE, and BVE copolymers. 
Elmer Differential Scanning Calorimeter DSC-113. 
poly(viny1idene fluoride) was used as a reference. 
These analyses were carried out using a Perkin- 
The homopolymer of 
3. Physical Properties 
In Table V are shown the tensile strength and elongation of 
MVE/VFZ and BVE/VF2 copolymers at temperatures above and below T 
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73P MVE/VF2 77 
72P MVE/VF2 82 
71P MVE/VF2 63 
59P PVE/VF2 59 
58P PVE/VF2 55 
56P PVE/VF2 44 
86P BVE/VF2 57 
85P BVE/VF2 56 
84P BVE/VF2 49 
83P BVE/VF2 38 
Copolymer b U t ,  % VF2 Tp; O C  
100 -43, -44, -45 VF2 
9OP MVE/VF2 66 -33, -33 
75P MVE/VF, 73  -33, -33, -34 







-24, -26, -26, -26 
-28, -29, -29, -30 
-24, -26 
-24, -24, -24 














(a) Perkin-Elmer D i f f e r e n t i a l  Scanning Calor imeter  DSC-1B. 
(b) VF2, CF2=CH2; WE, CF30CF=CF2; PVE, C3F70CF=CF2; BVE, C4F90CF=CF2 






















Copolymer Physical Properties 
a Polymer Av. Tensile' Average Ultimate' 



























MVE (13.0) /VF2 
I 1  
I 1  
WE (13. 6)/VFZ 
I 1  
I 1  
MVE(16.7)/VF,b 






























581 (7 62) 
653 (4,151 
98P -20" 161 (4 , 23) . .  343 (4,16) 
98P -50" 11 246 (4,40) 129(4,22) 
98P -72" 389(2,46) 33.5 (2 0) 
315-18P 25" MVE (%2O)/TFE 251 (4,26) 238 (4 16) 
462 (4,491 13,2 (4,6 1 
I* 
11 
I 1  315-18P -72" 
(a) WE, CF30CF=CF2; BVE, C4F90CF=CF2; VF2, CFZ-CHZ; TFE, C2F4, 
(b) Repeat test, sample molded at 135-140". (Film used for data 
shown in Quarterly Report No, 11 was molded at 120°,) 
(c) Numbers in parentheses show the number of testa and the 





















_ -  
-33- 
The t e n s i l e  s t r e n g t h  and e l o n g a t i o n  w a s  determined by suspending 
a t h i n  f i l m  of t h e  polymer sample (about 0.015" t h i c k )  i n  t h e  form of a 
r i n g  (1.000'' I . D .  x 1.092" O.D.) between two arbors 5/32" i n  d iameter .  
In  o p e l a t i o n  a low stress is placed  on the sample (about 
1.8 x 
c o l l a p s e s  on t h e  a r b o r s .  The sample is then  p laced  i n  t h e  c r y o s t a t ,  
brought to  tempera ture  and then a pan is suspended from t h e  lower a rbo r .  
The pan is hand loaded wi th  lead s h o t  a t  s p e c i f i c  i n t e r v a l s ,  and t h e  
l o a d i n g  cont inued  u n t i l  t h e  sample breaks .  
kg/cm whi le  a t  room tempera ture  i n  o r d e r  t h a t  t h e  r i n g  
B. Ace ty l a t ion  of CF3CH(OH),'' 
To a 250-ml., 1-neck f l a s k ,  f i t t e d  wi th  a r e f l u x  condenser,  was 
added 100 g. (about 0.86 mole) of CF CH(OH)2*, 150 g. (1.47 moles) of 
(CH COI2O, and 60 g. of pyr id ine .  d t e r  30 hours  a t  r e f l u x  t h e  r e a c t i o n  
mix%ure w a s  washed wi th  H 2 0  and 10% aqueous NaHC03 and d r i e d  over  
Drierite. 
fo l lowing  c u t s .  
D i s t i l l a t i o n  on a 35 p l a t e  sp inn ing  band column gave t h e  
Cut No. Boiling Range Amount 
68-110' 4.5  g. 
114-125' 25.0 g. 
12 6-14 1 ' 13 .0  g. 
141-151' 4 . 0  g. 
151-152' 38.0 g. 
r e s idue  25.0 g. 
R e f r a c t i v e  index of cu t  No. 5 was $, 1,3543; l i t ,  r e f .  f o r  
CF3CH(OCOCH3)2 1.354. 
t h e  s t a t i o n a r y  phase) showed a s i n g l e  peak. 
GLC a n a l y s i s ,  (8' column a t  140', Carbowax as 
NMR a n a l y s i s  has  confirmed t h e  s t r u c t u r e  ass igned  t o  t h e  
d i a c y l a t e d  hydra t e  (an i n f r a r e d  spectrum of t h i s  compound is shown i n  
F igu re  6)  and a l s o  r evea led  t h a t  c u t  No. 2 was composed of a 1-to-2 
mixture  of t h e  monoacylated e thy lhemiace ta l .  The l a t t e r  product w a s  
due t o  t h e  presence  of t h e  hemiacetal  i n  t h e  o r i g i n a l  r e a c t i o n  mix tu re ,  
These a n a l y s e s  are given as fo l lows ,  
- ~ - - - - 



















Chemic a1 P a t t e r n  and R e 1  . 
Designat ion  S h i f t  vvm S p l i t t i n g  cvs - Area Assignment 
0 0 
II - CF3CH (OH)OCCHj (I) CF3CH(OC2H5)O!!CH3 (11) 
Fluor ine  
A +4.6  2' x 4.8 2.2 CF3 (1) 
B + 4 . 7  2" x 4 . 1  5.7  CF3 (11) 
Hydrogen 
A 4.4 t a u  4' x 4 .1 ,p lus  1 . 5  CH i n  I and I1 
B 6 . 6  4' x 6 . 5  CH2 i n  C2H5 
C 6.85  1" 3.7 OH p l u s  water? 
D 8 . 3  1" 4.5  OOC-CH3, I and I1 
smaller 4' 
E 9 . 2  3' x 6 . 6  3.0 CH3 i n  C2H5, I1 
1 - CF3CH(OCCH3) 
F l u o r i n e  +4.23 2' x 4.4 
Hyd ro g en 
A 3.2 t a u  4" x 4.3 
B 8 .2  1" 
CF3 
0.8 CH 
5 . 0  2CH3 
C .  Reaction of CF3SEH2CF3 with CH,OH 
To a 50-ml., l-neck f l a s k ,  f i t t e d  wi th  a r e f l u x  condenser w a s  
added 4 . 7 1  g. (23mM) of CF SOCH CF3 and 1.0 g. of CH30H. 
a f t e r  a d d i t i o n  of t h e  a l c o i o l ,  ZLC a n a l y s i s  showed a t h i r d  peak having a 
r e t e n t i o n  t i m e  less than  e i t h e r  t h e  th iope rox ide  o r  t r i f l u o r o e t h a n o l .  The 
mixture  w a s  r e f luxed  and t h e  v o l a t i l e  product  c o l l e c t e d  i n  a Dry Ice-acetone 
cooled t r a p  connected t o  the  condenser. GLC a n a l y s i s  of t h e  low b o i l i n g  
product showed only  a s i n g l e  peak, and an  i n f r a r e d  spectrum showed fou r  
major a b s o r p t i o n  maxima a t  8.38, 9 . 0 5 ,  and 13.9 microns. 
t h i s  product shows a s i n g l e t  a t  -30.7 ppm (with r e s p e c t  t o  CF C1CFC12) 
which is a t t r i b u t e d  t o  CF3 on S ,  but a l s o  shows o t h e r  t ypes  03 CF3 and 
several types  of  hydrogen. 
Immediately 
NMR a n a l y s i s  of 
-3s- 





To a 300-ml., l-neck f l a s k  f i t t e d  wi th  a hea ted ,  packed 
d i s t i l l a t i o n  column was added 35 g. (175 mM) of CF CH(OC0CH ) 
r e f l u x  and acetic a c i d  removed as formed. 
and a f t e r  s e v e r a l  hours only  a t r a c e  amount of acet ic  a c i d  was c o l l e c t e d .  
A f t e r  r e f l u x i n g  o v e r n i g h t ,  the r e a c t i o n  mixture  became b lack  and on ly  
5 g.  of a c e t i c  a c i d  was c o l l e c t e d  be fo re  t h e  tempera ture  r o s e  above 
118'. The b lack  s o l i d  w a s  washed wi th  E t 2 0  and t h e  e t h e r  e x t r a c t  
evapora ted ,  l e a v i n g  a small amount of t a r .  About 5 g. of a d i p i c  a c i d  
w a s  recovered. 
and 
25.6 g. (175 mM) of (CH2)4(COOH)2. The r e a c t i o n  m 2 x t u r e  w a a  Zeated t o  
Exchange occurred  ve ry  slowly 
An i n f r a r e d  spectrum of t h e  tar showed C-H s t r e t c h i n g  
a b s o r p t i o n  a t  3.4 microns,  CIO s t r e t c h i n g  a t  5.85 microns,  and a maxima 
between 7 and 9 microns not  corresponding t o  t h a t  of a d i p i c  a c i d .  
E. Reaction of CF3CH(OHl2 with CH,(COOEt)2 
To a 100-ml., round bottom f l a s k  was added 25 g .  o f  CF3CH(OH)2 
( con ta in ing  some H20)  and 30 g. (188 mM) of CH2(COOEt)2. 
f i t t e d  wi th  a hea ted  d i s t i l l a t i o n  column and a d i s t i l l a t i o n  head, The 
r e a c t i o n  mixture  was hea ted  t o  r e f l u x ,  and over  a pe r iod  of s e v e r a l  hours 
3.3 g. of d i s t i l l a t e  was c o l l e c t e d ,  b.p. 78-82'. GLC a n a l y s i s  ( a r ,  
Porapak Type Q at 183') of t h e  d i s t i l l a t e  i n d i c a t e d  H20,  EtOH, and 
CF3CH(OH12 t o  be p r e s e n t .  
w a s  c o l l e c t e d  between 82 and 103'. 
a low v i s c o s i t y  l i q u i d .  An i n f r a r e d  spectrum of t h e  product i n d i c a t e d  
t h e  presence of CH2(COOEt)2 and CF3CH(OH)2, 
The f l a s k  was 
On continued h e a t i n g ,  4 . 3  g. of d i s t i l l a t e  
F u r t h e r  h e a t i n g  under vacuum y ie lded  
F. Attempted P r e p a r a t i o n  of CF OCXF 3--- 
To a 500-ml., 3-neck f l a s k  f i t t e d  w i t h  a mechanical stirrer, 
a d d i t i o n  funne l ,  and a Vigreaux d i s t i l l a t i o n  column was added 60 g. of 
z i n c  d u s t  and 250 m l .  of d ry  dioxane. 
The z i n c  was f i r s t  a c t i v a t e d  w i t h  a few c r y s t a l s  of ZnCl and 
a t r a c e  of gaseous H B r ,  then  about 20 g. of CF30CC12CFC12 was addez. The 
r e a c t i o n  mixture  was r e f l u x e d  overn ight  a t  a r e f l u x  tempera ture  of 50' 
(b.p. of CF30CC1=CFC1). Only a t r a c e  amount of material was c o l l e c t e d  
i n  a LOX cooled t r a p  connected t o  t h e  d i s t i l l a t i o n  head. An i n f r a r e d  
spectrum of  t h i s  material showed a b s o r p t i o n  maxima a t  2.25, 7 .8 ,  7.92, 
8.19, 8.5, 9.28, 10.49, 12.13, and 13.85 microns. 
E s s e n t i a l l y  t h e  same r e s u l t s  were ob ta ined  us ing  DMSO as a 





















G .  Dech lo r ina t ion  of a CF,0CFClCFC10CF3/ 
-I 
lCF30)2CC1CF2C1 Mixture 
To a 250-ml., 3-neck f l a s k  f i t t e d  with a mechanical stirrer, 
a n  a d d i t i o n  funne l ,  and a F r i e d r i c k s  condenser connected t o  a LOX 
cooled t r a p ,  was added 66.0 g. of z i n c  d u s t  and about  125 m l .  of DMSO. 
The z i n c  was a c t i v a t e d  w i t h  ZnCl and a t r a c e  amount of  gaseous HBr. 
The r e a c t i o n  mixture  was heated 80 50' and 80 g. of CF30CFC1CFC10CF / 
(CF30)2CC1CF2C1 (71/29 mixture) was added slowly. Reac t ion  occur re3  
immediately upon a d d i t i o n  and 61.2 g. of r e a c t i o n  product w a s  c o l l e c t e d  
i n  t h e  LOX cooled t r a p .  GLC a n a l y s i s  of t h e  r e a c t i o n  product showed 
t h r e e  major and two minor products.  Two of t h e  major produc t s  were 
i d e n t i f i e d  by IR a n a l y s i s  as C 0 2 ,  43%, and (CF 0)2C=CF2(PVM), 43%. 
A vapor d e n s i t y  MW of t h e  t h i r d  peak, 11% was determined as  146-147 g./  
mole, and an  i n f r a r e d  spectrum showed a b s o r p t i o n  maxima a t  5.67 and 
5.75 microns. 
D i s t i l l a t i o n  of 
-4 t o  10" 
11 t o  12" 
12'+ 
c u t s  : 
NMR a n a l y s i s  of 
t h r e e  i somer ic  comvounds. 
t h e  c rude  r e a c t i o n  product gave t h e  fo l lowing  
12.2 g. about 75% PVM 
18.3 g. about 81% PVM 
9 .8  g. po t  r e s i d u e  
t h e  11% peak showed it t o  be a mixture  of 
CF OCC1=CF2 (45x1, c i s  and trans CF30CF= 
CFCl (44%).25 
p r e s e n t .  
I n  a d d i t i o n ,  zhere was about 11% of  a n  unknowq impur i ty  
H. P r e p a r a t i o n  of C3F70[CF(CF3)CF2012CF-CF2 
C F O[CF(CF )CF20]2CF(CF3)COF t o  a phenolphtha le in  end p o i n t .  
s?l$ was drqed under vacuum, then p laced  i n  a 150-ml., round bottom 
f l a s k ,  and t h e  f l a s k  was a t t ached  t o  a vacuum system through a t r a p  
cooled t o  -196". 
a flame such t h a t  a s t eady  evolu t ion  of gas  w a s  main ta ined .  
p y r o l y s i s  y i e lded  35 g. of product.  
Aqueous NaOH (10%) was added t o  50 g. (0.076 mole) of 
The 
The sys t em was evacuated and t h e  s a l t  was hea ted  wi th  
The 
F r a c t i o n a t i o n  of the p y r o l y s i s  product on a 23 p l a t e  sp inn ing  
band column gave t h e  following c u t s :  
Bo i l ing  
c u t  brine 'C W t .  st. 
1 and 2 80-120" 0.8 g.  
3 120-149' 4.7 g. 
4 and 5 14 9-153' 23.6 g. (Mainly 153") 
-
Pot  153"+ 2.0 9;. 
T o t a l  31.1 g. 
- 
(25) NMR A n a l y t i c a l  data given i n  t h e  Thi rd  Annual Summary Report ,  






















GLC a n a l y s i s  of  c u t s  ,4 and 5 ( 6 ' ,  20% SE 301 Gas Chrom P a t  
58') i n d i c a t e d  one major component w i th  on ly  trace amounts of i m p u r i t i e s .  
Based on t h e  s t a r t i n g  a c i d  f l u o r i d e ,  t h e  y i e l d  of 
C3F70[CF(CF3)CF20]2CF'CF2 i s  52%. 
An i n f r a r e d  spectrum of t h i s  product  is shown i n  F igu re  14. 
NMR spectral  d a t a  f o r  t h i s  v i n y l  e t h e r  are given below. 
C hemica 1 P a t t e r n  and R e 1  . 
Designat ion  S h i f t  m m  SRl i t t i nK C p S  - Area As signmen t 
F-A +3.9 Broad 7.9 2CF3 + OCF2 
B +5.5 Broad 4 .5  CF3 + OCF2 
C +8.2 Broad OCF2 2 . 1  
D +38.7 Part of  f l u o r o -  1.1 =CF2 
v i n y l  
E +46.2 Part of  f l u o r o -  1.0 =CF2 
v iny l  
3 CF nex t  CF 2 F +52,9 S i n g l e t  2.0 
G O-CF= +59.7 P a r t  of f l uo ro -  1.0 
v i n y l  
H +67,5 3" p l u s  2.1 CF 
unresolved 
I. P r e p a r a t i o n  of CF,OCF-CF2 and C4F,0CF=CF2 
J 7 
S i m i l a r  t o  the  p repa ra t ion  of o t h e r  p e r f l u o r o a l k y l  v i n y l  
e t h e r s , 8  t h e  fo l lowing  r e a c t i o n  sequence w a s  c a r r i e d  o u t  i n  t h e  
p r e p a r a t i o n  of CF OCF=CF2 and C4F90CF=CF2. 3 
1. RfCOF + CF3CFCF20 - 'SF > R~ C F ~ O C F  (CF~ICOF 
2.  RfCF20CF(CF3)COF + 2NaOH - > RfCF20CF(CF3)COONa + NaF 





















Yield -Step Product. 7b.p. 
1. CF~OCF ( C F ~  NOF 7-8O 29 
- 2. CF30CF(CF3)COONa - 
3. CF30CF=CF2 -22 to -20' 77* 
1. C ~ F ~ O C F  ( C F ~  )COF 76-80' 15 
3 .  C4 F90CF=CF2 61 ' 68* 
- 2. C4F90CF(CF3)C02Na - 
* Based on acid fluoride from step 1. 
NMR data for C4F90CF(CF3)COF, CF30CF(CF3)COF and C4F90CF=CF2 
are shown below. NMR data was also obtained for perfluoro(propy1 
isopropyl ketone) [isomeric with and difficult to separate from 
C F OCF(CF3)COF]. 
3 6  
This ketone is a reaction product of C F COF with 
ai Zmpurity (C F present in the perfluoropropylene epox2de. 7 
Chemical Pattern and Re1 . 
Splitting cps - Area Assignment Desinnation Shift ppm 
A. C F$OCF(CF2)COF* -4 
Fluorine 
A -102.1 

















6.1 CF2 next to 0 
9.2 CF3 
13.2 2CP2 
9.2 CF3 on CF 
2.3 CF 
0.8 CF2 next to C=O 
* Spectrum obtained on a mixture of these two compounds, Peaks 





















Chemical P a t t e r n  and R e 1  . 
Area Assignment S p l i t t i n g  cps  -Des inna  t i o n  S h i f t  ppm 
c *  - CF30CF (CF=)COF 
A TFAA- Broad 
102.0 ppm 
1.0 COF 
B -19.6 2Ox8.7,2Ox2.4 3 .1  CF3 on 0 
C CF on CF 3 +6.6 2Ox5.3,2Ox2.6 3.0 





CF3 +5.75 3Ox9.0, 3' 3.2 
+9.3 Complex 2.1 CF20 
+39.8 2Ox67,7,2Ox87.4 1.0 =CF t r a n s  t o  0 
2°x111,20x86. 5 ,  1.0 =CP c i s  t o  0 
3O 
+47.3 
+50.4 Complex 4 .0  2CF2 
+60.6 2°x110,20x66. 7,  1 .0  =CF gem t o  0 
3" 
I n f r a r e d  s p e c t r a  of compounds A, C ,  and D are shown i n  
F igu res  15, 16 ,  and 17. 
J. Syn thes i s  of R,COOCHFR ' 
L 
1. Reaction of CF3CH0 wi th  C F 3 W  
To a 20-ml. Pyrex ampoule w a s  added 0.2 m l .  of E t  N. The 
ampoule was cooled t o  -196", evacuated, and 30 mM each of C a  CHO and 
C F 3 q  were added. The ampoule was s e a l e d ,  then  allowed 20 warm 
t o  room temperature.  A f t e r  s eve ra l  days a t  room tempera ture ,  t h e  
ampoule was reopened t o  t h e  vacuum s y s t e m  and 6.13 g. of l i q u i d  having 
a vapor p r e s s u r e  less than 400 mm. was recovered. The product of t h i s  
r e a c t i o n  was i d e n t i f i e d  by i n f r a r e d  and NMR a n a l y s i s  as C2F5COOCHFCP3. 
P u r i t y  was es t imated  t o  be 80-85%. 
A s  c o n t r o l  samples,  102 mM of CF3CH0 and 60 mM of C F 3 W  
No 
A f t e r  s e v e r a l  days  a t  
were s e a l e d  i n  separate ampoules each con ta in ing  0.2 m l .  of E t  N. 
Immediately on warming t h e  aldehyde polymerized t o  a whi te  s o d d .  
obse rvab le  r e a c t i o n  occurred  with t h e  epoxide.  
room t empera ture  t h e  ampoules were reopened t o  t h e  vacuum system. 
-4 0- 
NO v o l a t i l e s  were recovered from t h e  aldehyde r e a c t i o n .  
was a waxy s o l i d  which sublimed when hea ted  over  a flame. 
t o  atmospheric moi s tu re ,  depolymerization occurred  y i e l d i n g  CF CH(OH)2. 
Some s o l i d  r e s i d u e  remained. This  r e s i d u e  is presumed t o  be t i e  l i n e a r  
polymer, fCF3CHO)x and t h e  h y d r o l y t i c a l l y  u n s t a b l e  polymer, t h e  trimeric 
product ,  (CF3CHO) 3 .  
c o n t a i n i n g  Et3N/CF CF CF 0 showed only  t h e  r ea r r anged  i somer i c  a c i d  
f l u o r i d e ,  C2F5COF. 
The polymer 
On exposure 
An i n f r a r e d  spectrum of t h e  v o l a t i l e s  from t h e  ampoule 
3 2 2  No epoxide w a s  p r e s e n t .  
2. 
Simi la r  t o  t h e  previous r e a c t i o n s ,  a 20-ml. c a p a c i t y  Pyrex 
Reaction of C2F,COF wi th  CF,CHO 
J 
ampoule w a s  charged wi th  0 .1  m l .  E t3N,  20 mM C2F5COF, and 9.4 mM of 
CF3CH0. 
On warming t h e r e  appeared to  be a r a p i d  r e a c t i o n .  
t o  -196' and opened t o  t h e  vacuum system. 
y i e lded  a product which had a vapor p r e s s u r e  lower than  e i t h e r  of t h e  
r e a c t a n t s .  An i n f r a r e d  spec t rum of t h i s  product was i d e n t i c a l  w i th  t h a t  
The ampoule was sea led  and allowed t o  warm t o  room temperature.  
The ampoule w a s  cooled 
Trap t o  t r a p  d i s t i l l a t i o n  
of C2F5COOCHFCF3. 
3 .  
To a F i sche r -Por t e r  a e r o s o l  c o m p a t i b i l i t y  tube  f i t t e d  wi th  a 
Reaction of C,F,COF wi th  CF2C1CH0 
& J  
p r e s s u r e  gauge, was added 0.2 m l .  of E t  N.  
evacuated ,  and 224 mM of  C F COF was added. 
tempera ture  a p r e s s u r e  of 305psig. w a s  noted. 
cooled t o  -196' and 215 mM of CF ClCHO was added I n  t h r e e  s e p a r a t e  
p o r t i o n s .  
and shaken. 
and w a s  ze ro  p s i g .  a f t e r  t h e  l a s t  a d d i t i o n  was made. 
The tube  w a s  cooled t o  -196', 
When warmed t o  room 
The r e a c t o r  w a s  a g a i n  
A f t e r  each a d d i t i o n  tl!e r e a c t o r  w a s  warmed t o  room tempera ture  
The p res su re  decreased a f t e r  each a d d i t i o n  of t h e  aldehyde 
D i s t i l l a t i o n  gave the fo l lowing  c u t s :  
- c u t  b . p .  p;. Product 
1 27.5' 7 .3 g. C2F5COF 
2 74-76' 14 .0  g. ester 
3 po t  r e s i d u e  18.0 g. mixture  of polymer and ester 
NMR and i n f r a r e d  a n a l y s i s  of t h e  second c u t  conf i rms  t h e  s t r u c t u r e  of t h e  
a d d i t i o n  product as C F COOCHFCF2C1. 
are sunmarlzed below f n a e r  (4). 
The r e s u l t s  of the NMR a n a l y s i s  
On exposure t o  t h e  atmosphere t h e  v i scous  l i q u i d  r e s i d u e  formed 
a heavy p r e c i p i t a t e .  
a p a s t y  product w a s  ob ta ined  which v o l a t i z e s  wi thout  me l t ing  when hea ted  
over  a flame. 






















4. S y n t h e s i s  of CF,COOCHFCF3, 
-I 
- CF3COOCHFCF2C1. and C3F7COOCHFCF3 
I n t o  an evacuated 100-d. Fische r -Por t e r  a e r o s o l  c o m p a t i b i l i t y  
The r e a c t i o n  mixture  was warmed t o  room tempera ture ,  mixed, 
tube  con ta in ing  0.5 m l .  of E t 3 N ,  w a s  added 38 mM of CF3COF and 1 9  mM of 
CF3CH0. 
then  cooled t o  --196', and 1 9  mM of CF3COF and 19  mM of CF3CH0 was added. 
The cycle was r epea ted ,  w i th  warming and mixing between each a d d i t i o n ,  
u n t i l  1 7 2  mM of CF3COF and 153 mM of CF CHO were added, D i s t i l l a t i o n  of 
t h e  r e a c t i o n  product through an 18-cm., 3vacuum j a c k e t e d  d i s t i l l a t i o n  
column packed wi th  1/8" s t a i n l e s s  s teel  h e l i c e s  gave 27.5 g. ,  83.8% 
y i e l d  of CF3COOCHFCF3, b.p. 31-33'. 
s i n g l e  peak. 
C F7COOCHFCF3, y i e l d  50%. I n i t i a l  d%s t i l l a t ion  of t h e  lat ter compound, 
aztempted i n  t h e  presence  of a t r a c e  amount of E t 3 N ,  r e s u l t e d  i n  t o t a l  
decomposition t o  C3F7COF and CF3CH0. 
decomposition a f t e r  a d d i t i o n  of gaseous HC1 t o  t h e  r e a c t i o n  mixture.  
Chromatographic a n a l y s i s  showed a 
S i m i l a r l y  prepared were CF COOCHFCF2C1, y i e l d  76%; and 
The ester w a s  d i s t i l l e d  wi thout  
I n f r a r e d  s p e c t r a  of t h e s e  new esters are shown i n  F igu res  7-11. 
Confirmative NMR a n a l y t i c a l  da t a  and e l emen ta l  a n a l y s e s  are given below 
and i n  Table  V1, respec t ive ly .  
Chemical P a t t e r n  and - R e l ,  
DeSiQnat i o n  S h i f t  Prim S p l i t t i n g  CPS - Area Assinnmen t 











3.88 t a u  2Ox50 
7 . 2  ppm 3.0 
7 , 8  . 2'x6.0,2'x2.9 2.9 
22.9 4', very  small 2.0 
37.3 2 ' ~ 5 0 . 9 , 4 ~ x 5 . 7  l,O 
C F,COOCHFCF2a -2 2 
-5.0 2'x10.5,2'x3.4 2.1 
+6,6 lo 2.9 
i-45.5 1' 1 . 9  
+68.9 2 ' ~ 5 1 . 2 , 3 ~ x 1 0 . 3  1.0 
3.92 t a u  2"xSl. 2,3Ox3.3 
CHF 
CF3 on CF2 













Chemical P a t t e r n  and 
Desinnat i o n  Shift vDm S v l i t t i n n  C D S  
- CF3COOCHFCF 
F-A -0.66 1' 
B +7.75 2°x6.0,20x3.0 
C +75.0 2'x50.3,4'~5. 7 























- CF COOCHFCFS 
-5.11 2'x10.8,2'x3.4 
-1.00 1" 
+68.5 2 " ~ 5 1 . 6 , 3 ~ x 1 0 . 4  
3.84 t a u  2'x51.0,3'x3. 0 
5,34 2Ox52, 4' 
6.88 2Ox52,3*x 3 
C F COOCHFCF3 - 3 7  
+4,61 3Ox8.66 
+7.43 2'x6,0,2'x3. 0 
+43.2 4'x8.9,3 '~1 , 8 
+50,7 3' x 1 . 5  
+75.1 2°x50.3,40x6,0 
3.90 t a u  . 2"x50,0,4"x3.0 
8.28 Sharp s i n g l e t  
R e 1  . - Area A s s  iunmen t 
CF3 
CF3 




1 . 9  CF2C1 
3.0 
1.3 CEH 
1 . 0  CFH 
Ca 0,02 CFK 
Ca  0,05 CFK 
cF3 
3.0 CF3 
2 * 9  CF3 
CF2 
2 , o  CF2 
1 .3  c_pR 
2 . 2  
1 . 0  CFH 
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K. PreDara t ion  of CF,C1COOCH3 
To a 2-liter, 3-neck f l a s k  f i t t e d  wi th  a r e f l u x  condenser,  
a d d i t i o n  funne l ,  and a mechanical stirrer w a s  added 304 g. (9.5 moles) 
of CH OH and 500 g. of CF2C1COOH. 
trated H SO 
1.5 hour;, 4 D i s t i l l a t i o n  of the r e a c t i o n  product gave 430 g.  (78% 
y i e l d )  of CF2C1COOCH3, b.p. 79-80'. 
L 
While s t i r r i n g ,  133  m l .  of concen- 
The r e a c t i o n  mixture  was re f luxed  f o r  was added slowly. 
L. Reduction of CF2C1COOCH3 
mechanical s t i r rer ,  and a condenser w i th  a d r y i n g  tube  a t t a c h e d ,  w a s  
added 300 ml. of anhydrous Et20 and ( c a u t i o u s l y )  1 0  g. (264 mM) of 
LiA1H4.  
minutes.  
To a 500-ml., 3-neck f l a s k  equipped w i t h  a n i t r o g e n  i n l e t  t ube ,  
The s l u r r y  was s t i r r e d  f o r  1 . 5  hours ,  then  r e f l u x e d  f o r  45 
To a second 1-li ter ,  3-neck f l a s k  f i t t e d  wi th  a n i t r o g e n  
i n l e t  t ube ,  a p r e s s u r e  compensated a d d i t i o n  funne l ,  mechanical s t irrer,  
and a condenser,  w a s  added a s o l u t i o n  of 144.5 g, (1 mole) of CF2C1COOCH 
i n  about 1 . 5  t imes i t s  voL:-w of dry  E t 2 0 .  
Dry Ice-acetone ba th  and, while f l u s h i n g  wi th  n i t r o g e n ,  t h e  LiAlH 
s l u r r y  was t r a n s f e r r e d  t o  t h e  a d d i t i o n  funne l .  
L i A l H  w a s  added slowly over a per iod  of about 2.5 hours,  To t h e  
r e a c t t o n  mixture  w a s  added 25 m l ,  of E t O H  c o n t a i n i n g  5% H20. 
warming t o  room tempera ture  the r e a c t i o n  mixture  w a s  poured on to  
crushed i c e  con ta in ing  75 m l .  of concent ra ted  H2S04. 
s t r i p p e d  through a packed column t o  a head tempera ture  of 90°, and 
remaining i n  t h e  d i s t i l l a t i o n  f l a s k  was 148 g, of c rude  CF2C1CH(OH)2, 
3 The f l a s k  was cooled i n  a 
While s t i r r i n g ,  tke 
A f t e r  
The e t h e r  was 
M .  Dehydration of CF2C1CH(OH), 
s t i r rer ,  and a gas  o u t l e t  tube, was added 69 g. (about 0.5 mole) of t h e  
crude CF2C1CH(OH)2. 
added s lowly ,  Because of t he  exotherm, t h e  r e a c t i o n  mixture  $ad t o  be 
cooled du r ing  a d d i t i o n  of H2S04. 
a c i d  a d d i t i o n ,  but on subsequent hea t ing  of t h e  r e a c t i o n  mixture ,  42 g *  
(0.367 mole) of CF2C1CH0 was c o l l e c t e d  i n  a f i n g e r  trap (at -78'). 
Because of t he  r e a c t i v i t y  of t h i s  aldehyde, a n a l y s i s  i s  d i f f i c u l t ,  An 
i n f r a r e d  spectrum showed no major i m p u r i t i e s ,  As a f u r t h e r  i n d i c a t i o n  
of p u r i t y ,  subsequent polymerization gave e s s e n t i a l l y  100% convers ion  
t o  polymer. 
To a 250-ml., 3-neck f l a s k  f i t t e d  wi th  a n  a d d i t i o n  funne l ,  a 
While s t i r r i n g ,  50 m l .  of concen t r a t ed  H SO4 was 
No dehydra t ion  occurred  dur ing  t h e  
This  polymer is a hard ,  b r i t t l e  s o l i d .  
S imi l a r  t o  CF3CH0, i t  is necessary  t o  s t o r e  t h i s  aldehyde under 
vacuum a t  -78' t o  prevent  polymerization. 
aldehyde i s  shown i n  F igu re  12 .  
An i n f r a r e d  spectrum of t h i s  
Regeneration of pure aldehyde hydra t e  w a s  e f f e c t e d  by adding 
s l i g h t l y  less than  the  t h e o r e t i c a l  amount of H20 t o  t h e  aldehyde i n  a 























57 mM of C3F7COF, and 57 mM of CF3COCF3. The ampoule w a s  sealea, and 
t h e  r e a c t i o n  mixture  was warmed t o  room tempera ture .  When t h e  ampoule 
w a s  reopened t o  t h e  vacuum sys tem,  94 mM of low b o i l i n g  v o l a t i l e s  were 
recovered ,  and a small amount of a red  h igh  b o i l i n g  l i q u i d  remained i n  
t h e  ampoule, 
Attempted Reaction of C,F,COF wi th  CF3COCF3 
L J  
To an  evacuated Pyrex ampoule w a s  added 0 , l  m l ,  of E t  N ,  
No apparent  r e a c t i o n  occurred .  The h igh  b o i l i n g  l i q u i d  
ob ta ined  i s  presumed t o  be an  Et3N-acid f l u o r i d e  complex noted on o t h e r  
occas ions .  This  would account f o r  t h e  apparent  l o s s  of r e a c t a n t s .  
0. Attempted P r e p a r a t i o n  of CF2C1CH(OSCF3)2 
A 100-ml. au toc lave  was charged wi th  22 g. (0,166 mole) of 
CF2C1CH(OH)2, 26 g. (0.33 mole) of p y r i d i n e ,  and 4 1  g. (0,30 mole) of 
CF3SC1. 
p re s su re .  
A t  t h i s  t i m e  t h e  temperature was inc reased  t o  100' and main ta ined  a t  
t h i s  tempera ture  f o r  24 hours.  
When cooled t o  room temperature,  t he  p r e s s u r e  w a s  100 p s i g .  
When warmed t o  room temperature,  t h e  a u t o c l a v e  showed no 
Af te r  hea t ing  f o r  19 hours a t  50', t h e  p r e s s u r e  was 100 p s i g .  
The p r e s s u r e  inc reased  t o  400 p s i g ,  
The au toc lave  was vented through an evacuated t r a p  a t  -196'. 
Co l l ec t ed  i n  t h i s  t r a p  w a s  gaseous HC1,  and remaining i n  the au toc lave  
were two immiscible h igh  b o i l i n g  l i q u i d s .  On s t and ing ,  t h e  t a r - l i k e  
phase s o l i d i f i e d  l eav ing  an amber l i q u i d .  Th i s  l i q u i d ,  about 20 g . ,  
w a s  decanted and d i s t i l l e d  on an 18-inch sp inn ing  band column which 
gave only  a poor s e p a r a t i o n .  Two broad c u t s  were taken a t  57-60' 
and 72-94". An i n f r a r e d  spectrum of t h e  f i r s t  c u t  showed a broad 
maximum a t  3 .%,  C-H s t r e t c h i n g  a b s o r p t i o n  a t  3,38p, two maxima a t  
5.5311 and 5 . 8 7 ~  and the  usua l  C-F a b s o r p t i o n  between 7 . 5 ~  and 1 0 . 0 ~ .  
The spectrum of t he  broad second c u t  showed C-H s t r e t c h i n g  a b s o r p t i o n  
a t  3 . 3 7 ~ ,  a weak abso rp t ion  a t  5 . 5 3 ~  and s t r o n g  maxima a t  7.29, 7.67, 
8.05, 8 . 4 ,  8.65, 9.05, 9.22, 9.52, 10 .05 ,  11.65 and 13.011. 
P. P r e p a r a t i o n  of C F ~ ~ O C F ( C F ~ ) C O F  
A mixture  of 43 g. (103 mu) of C7F15COF, 15.2 g. (100 mM) of 
CsF, and 65 m l .  of CH CN (dr ied  over  P 0 w a s  added t o  a F ischer -  
P o r t e r  a e r o s $ s q n p a t I b i l i t y  tube. 
32 mM of CF CFCF20 (conta in ing  about 10-20 mM of CF3CF=CF2) w a s  added. 
The tube  was warmed t o  R.T. and shaken. The a d d i t i o n  w a s  r epea ted  
u n t i l  about 100 mM of CF3- w a s  added. 
y i e l d i n g  4 g. of product ,  b.p. 76-78'/35mm. 
5% Carbowax 20M on gas-chrom P a t  50') i n d i c a t e d  one major product 
p l u s  t h r e e  minor components. 
3 Thg Sube was cooled ,  evacuated, and 
3 
A p a r t  of t h e  CH CN was 
removed under vacuum and t h e  r eac t ion  product w a s  vacuum d i s  2 i l l e d ,  






















An i n f r a r e d  spectrum of t h e  mixture  (Figure 18) shows two 
carbonyl  s t r e t c h  maxima. These maxima are a t t r i b u t e d  t o  the presence  
of bo th  a f luorocarbon a c i d  f l u o r i d e  and a f luorocarbon ketone. The 
ketone i s  due t o  t h e  presence of C F6 as an impur i ty  i n  t h e  s t a r t i n g  
p e r f  luoropropylene  epoxide. 
t h e  impur i ty  l e v e l  t oo  g r e a t  t o  enab le  a v a l i d  i n t e r p r e t a t i o n ,  NMR 
s p e c t r a l  d a t a  f o r  CF3(CF2)6COCF(CF3)2 is given below. 
An N d  spectrum of t h e  mixture  showed 
Chemical P a t t e r n  and Re1 . 
Designat ion  S h i f t  ppm S p l i t t i n p  cps  - Area Assignment 
A -2.78 Mu1 t i p l e  t 14.0 (CF3) 2 
CF3 C +4,82 3" x 9.9 8.3 
E +39.5 Broad 4.5 CF2C0 
G +49.5 Broad 4.1 CF2 next  t o  CF3 
I +113.2 Broad 1.5 CF 
F +44.1 I r r e g u l a r  16.8 (CF2)4 
Q. Attempted Dehydrochlorination of C2F+COOCHFCF2CJ 
added 10 g. (178 mM) of powdered KOH. The KOH was hea ted  f o r  0.5 hours 
under vacuum, cooled t o  -196", and then 3 g. (11 mM) of C2F5COOCHFCF2Cl 
was added. The ampoule was warmed slowly. When warmed t o  about room 
tempera ture ,  a r a p i d  pressure r ise  was noted and t h e  KOH became d i s -  
co lored .  An i n f r a r e d  spectrum of t h e  crude r e a c t i o n  product i n d i c a t e d  
t h e  absence of t h e  s t a r t i n g  ester and, i n  a d d i t i o n ,  showed two new 
abso rp t ion  maxima and 5.4811 and 5.61~. Chromatographic ana lys i s  (24 ' , 
Kel-F ester on HMDS chromosorb a t  R.T.) of an overgas sample of t h e  
crude r e a c t i o n  product showed four peaks having p r o p o r t i o n a t e  areas of 
65, 25, 3, and 7% ( i n  t h e  order  of r e t e n t i o n  t imes ) .  The f i r s t  peak 
was found, by i n f r a r e d  a n a l y s i s ,  t o  con ta in  CO and CF H. The second 
peak was C F5H. Because of  a l i m i t e d  amount o t  producz, t h e  last two 
peaks c o u d  no t  be i s o l a t e d .  
To an ampoule a t t ached  t o  a c a l i b r a t e d  vacuum system was 
R. Syn thes i s  of (CF3),CFCO(CF2)3COCF(CF3)2 23 
To a 100-ml. F ischer -Por te r  a e r o s o l  c o m p a t i b i l i t y  tube  w a s  
added 10 g. (67 mM) of d ry  C s F  and 5 m l .  of d ry  a c e t o n i t r i l e .  The 
r e a c t o r  was cooled  t o  -196", evacuated, and 11.1 g (44.2 mM) of 
(CF ),(COF12 and 13.2 g. (88.4 mM) of C F were added. The r e a c t i o n  
mixzure was hea ted  for 48 hours a t  90°.3 8t t h e  end of t h i s  time a 
t r a c e  amount of v o l a t i l e s  were removed under vacuum and t h e  h ighe r  
b o i l i n g  r e a c t i o n  product ,  15.5 g . ,  was s e p a r a t e d  from the immiscible 
a c e t o n i t r i l e  by decan ta t ion .  
-47- 
Chromatographic a n a l y s i s  (8 ' ,  15% Carbowax 2OM, 80') showed 
Micro b .p ,  142';  on ly  a t r a c e  (aboyA 10%) of impurity (64.3% y i e l d ) .  
(lit. 148-151') d i u ,  1.7950, 
An i n f r a r e d  spectrum of t h i s  d ike tone  i s  shown 
NMR s p e c t r a l  d a t a  i s  given below. 
Chemical P a t t e r n  and 
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S .  Attempted P repa ra t ion  of  C FgOOCF3 
I n t o  an  evacuated 100-ml. F ischer -Por te r  a e r o s o l  c o m p a t i b i l i t y  
tube  con ta in ing  5 g. (33mM) of CsF and 5 m l .  of a c e t o n i t r i l e ,  w a s  
condensed 28 mM of C3F7COF. A t  room tempera ture  two l i q u i d  phases were 
noted .  When t h e  r e a c t a n t s  were mixed, an  exothermic r e a c t i o n  occur red ,  
and t h e  g r a n u l a r  CsF appeared t o  change t o  a f i n e l y  d iv ided  s o l i d  
having  a p a s t e - l i k e  cons is tency .  A f t e r  t h e  exotherm subs ided ,  t h e  
a c e t o n i t r i l e  was removed under reduced p r e s s u r e ,  
then  cooled t o  -196') and 1 6  dl of a gaseous mixture con ta in ing  about 
70 mole pe rcen t  CF30F ( a l s o  conta in ing  CF4, (CF 0 l 2 ,  COF2) was added. 
A f t e r  s t and ing  ove rn igh t ,  t h e  p re s su re  dropped ?rom an i n i t i a l  p r e s s u r e  
of 30 t o  0 ps ig .  The h ighe r  b o i l i n g  product was enr iched  by t rap- to-  
t r a p  d i s t i l l a t i o n ,  and GLC a n a l y s i s  ( 4 0 ' ,  Kel-F e s t e r  on HMDS chromosorb) 
showed one major component having a r e t e n t i o n  t i m e  g r e a t e r  than  t h a t  of 
t h e  s t a r t i n g  m a t e r i a l s .  
The r e a c t i o n  tube w a s  
An i n f r a r e d  spectrum of t h i s  peak showed p r i n c i p a l  maxima a t  

















Figure 6 .  An I n f r a r e d  Spectrum o f  CF CH(OC0CH 1 
1 i q u i d  3 3 2  
Figure 7 .  An I n f r a r e d  Spectrum o f  CF O( fOCOC2f5  
5 nun, 27 mn gas 3 
-I- 
Flgurp 8. An I n f r a r e d  Spoctrua of C F COOCHFCFtCl 





















3 Figure 9 .  An Infrared Spectrum of  CF COOCHFCF 30 mn, gas. *Cell 3 
Figure 10. An Infrared Spectrum of  CF COOCHFCFZC1 
pz- 10 nun; 2 and 30 mn 
3 
3' Figure 1 1 .  An Infrared Spoctrum of C3F,UOOCHFCF 1 iquid 
-69- 
-.*nom -10. 
Figure 12. An I n f r a r e d  Spectrum of CFzCICHO 
(l l- - I n  Y 
r 
4 
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Figure  13. An I n f r a r e d  Spectrum o f  (CF CFCO(CF ) COUl (CF3)2  
3 2  2 3  
F igure  14. An I n f r a r 2 J  Spectrum o f  C F O[CF(CF )CFZO]2CF=CFZ 
1 iqu i  d 3 7  3 
-50- 
. 
Firjdre 15. An I n f r a r e d  Spectrum of C F OCF(CF )COF 
7 m, 27 m gas 4 9  3 
Figure 16. An I n f r a r e d  Spectrum o f  CF OCF(CF )COF 
3 3 Smn, 46 mn gas 
I 
Figure 17. An Infra-ad Spectrum of C F OCF=CFz 
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Figure  
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18. An I n f r a r e d  Spectrum 
C8F170CF(CF3)COF and 
1 i q u i d  
o f  a Mixture  o f  





May, 1966 through January ,  1967 
INTRODUCTION 
This b i b l i o g r a p h y  was prepared  from r e f e r e n c e s  o b t a i n e d  mainly 
from Chemical A b s t r a c t s  bu t  c o n t a i n s ,  i n  a d d i t i o n ,  r e f e r e n c e s  t a k e n  from 
a number of primary s o u r c e s .  
t o  f l u o r i n e - c o n t a i n i n g  monomers and polymers and t o  thermal  p r o p e r t i e s  of 
a l l  c l a s s e s  of polymers. 
Major emphasis was p laced  on r e f e r e n c e s  
I n  p a s t  Annual Summary Reports  r e f e r e n c e s  covered from 1957 t o  
t h e  d a t e  of t h e  r e p o r t .  For t h e  s a k e  of b r e v i t y  and t o  e l i m i n a t e  t h e  need 
f o r  d u p l i c a t i n g  e a r l i e r  r e f e r e n c e s ,  t h e  p r e s e n t  b i b l i o g r a p h y  covers o n l y  
t h e  p e r i o d  of t h i s  r e p o r t  - May, 1966 through January ,  1967. 
A s  i n  t h e  p a s t ,  t h e  g r e a t  number of r e f e r e n c e s  i n  t h e  c a t e g o r i e s  
covered n e c e s s i t a t e d  s e l e c t i n g  r e f e r e n c e s  which were c o n s i d e r e d  t o  b e  o f  
most s i g n i f i c a n c e  t o  t h e  p r e s e n t  i n v e s t i g a t i o n .  
i s  somewhat s u b j e c t i v e ,  but  i t  is f e l t  t h a t  t h e  c r o s s - s e c t i o n  g iven  i s  a 
u s e f u l  r e p r e s e n t a t i o n  of 
The c h o i c e  of  r e f e r e n c e s  
t h e  l i t e r a t u r e  t o  d a t e .  
The r e f e r e n c e s  l i s t e d  have been c a t e g o r i z e d  w i t h  r e s p e c t  t o  t h e  
Once a g a i n  f o r  t h e  s a k e  of b r e v i t y ,  no g e n e r a l  s u b d i v i s i o n s  shown below. 
c r o s s - r e f e r e n c i n g  h a s  been done; hence,  where a paper  was concerned w i t h  
more than one s u b d i v i s i o n  t h e  r e f e r e n c e ,  i n  g e n e r a l ,  was p l a c e d  i n  t h e  
c a t e g o r y  of g r e a t e s t  importance.  Copolymers were p l a c e d  i n  t h e  e a r l i e s t  
l i s t e d  monomer ca tegory  with t h e  e x c e p t i o n  of t h e  v i n y l  e t h e r s  and t h i o e t h e r s ,  
t h e  copolymers of which were included under t h e  main heading  of v i n y l  e t h e r s .  
-la- 
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